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FOREWORD 


This  technical  report  presents  the  results  of  an  Advanced  Space  Fngine  Study.  The  study  was  conducted  by 
the  Pratt  &  Whitney  Government  Hngines  &  Space  Propulsion  Division  of  the  United  Technologies  Corporation 
for  the  National  Aeronautics  and  Space  Administration.  Lewis  Research  Center,  under  Contract  NAS3-23X5X, 
Task  Order  D.4. 

The  study  was  initiated  in  November  19XX  and  completed  in  January  1990.  Mr.  Paul  Richter  was  the 
NASA  Task  Order  Manager.  The  effort  at  P&W  was  carried  out  under  Mr.  James  R.  Brown,  l’rogram  Manager, 
and  Mr.  Arthur  I.  Masters,  engineering  Manager.  Other  individuals  providing  significant  contributions  in  the 
preparation  of  the  report  were  Donald  H.  Galler,  Todd  F.  Denman,  and  Ricky  A.  Schied  —  System  Performance 
Analysis;  James  R.  Black  and  Aaron  R.  Fierstein  —  Heat  Transfer;  Gale  L.  Clark  —  Pump  Design;  and  Bruce 
R.  Branstrom  —  Turbine  Design, 
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SECTION  I 

INTRODUCTION  AND  SUMMARY 


INTRODUCTION 

NASA  mission  studies  have  identified  die  future  need  lor  a  new  Space  Transfer  Vehicle  (STV)  Propulsion 
System.  The  new  system  is  to  be  an  oxygen/hydrogen  expander  cycle  engine  of  7,500  to  50.000  lbs  thrust  or 
more,  and  must  achieve  high  performance  via  efficient  combustion,  high  combustion  pressure,  and  high  area 
ratio  exhaust  nozzle  expansion.  The  engine  is  likely  to  require  wide  versatility  in  terms  of  such  characteristics 
as  throttleability,  operation  over  a  wide  range  of  mixture  ratios,  autogenous  pressurization,  and  in-llight  engine 
thermal  conditioning  and  vehicle  propellant  settling.  Firm  engine  requirements  will  include:  long  life,  man-rating, 
cost  effective  reusability,  space  basing,  and  fault -tolerant  operation. 

A  design  and  analysis  study  was  conducted  to  provide  advanced  engine  descriptions  and  parametric  data 
for  STVs.  The  study  was  based  on  an  advanced  oxygen/hydrogen  engine  in  the  7,500  to  50.000  Ibf  thrust 
range.  Hmphasis  was  placed  on  defining  requirements  for  high  performance  with  engine  /stems  capable  of 
achieving  reliable  and  versatile  operation  in  a  space  environment.  Hngine  system  requirements  and  goals  are 
listed  in  Table  I. 

The  study  was  divided  into  three  technical  tasks.  In  the  first  task  several  expander  cycle  variations  were 
compared  from  the  standpoint  of  their  applicability  to  a  new  space  engine.  Parametric  performance,  weight  and 
envelope  data  were  then  prepared  for  the  selected  cycles.  Under  the  second  task,  the  selected  cycles  were  used 
to  investigate  requirements  for  wide  range  throttling  (20:1)  and  high  mixture  ratio  (O/P  =  12.0)  operation.  The 
third  task  was  to  conduct  reviews  and  coordinate  performance  of  the  work. 

CYCLE  COMPARISON  STUDY 

Four  expander  cycle  variations  were  evaluated  with  respect  to  their  applicability  to  an  STV-typc  engine,  i.e.. 
the  full-  ,  or  single-  ,  expander  cycle;  the  split-expander  cycle;  the  dual-expander  cycle;  and  the  lull-expander 
cycle  with  a  regenerator.  The  four  cycles  were  compared  on  the  basis  of:  (1)  maximum  achievable  chamber 
pressure,  which  translates  to  engine  performance,  weight,  and  envelope.  (2)  system  complexity,  i.e..  number  of 
components,  severity  of  cycle  condition,  technology  availability,  and  program  risk  (3)  throttling  capability,  and 
(4)  high  mixture  ratio  operation. 

The  comparison  of  maximum  achievable  chamber  pressure  was  based  on  technology  which  was  judged  to 
be  readily  available  by  the  mid-1990s  and  included  two  thrust  chamber  cooling  methods  —  copper  chambers 
with  milled  channel  construction  and  tubular  copper  chambers.  The  results  are  shown  in  Figure  1  for  the 
tubular  copper  thrust  chambers.  Hased  on  the  assumption  of  equivalent  technology,  the  lull-expander  cycle 
with  regeneration  was  found  to  have  the  highest  chamber  pressure  capability.  The  maximum  pressure  with  the 
split-expander  cycle  was  near  that  of  the  regenerator  cycle  at  thrust  levels  above  25,(XX>  lbs.  but  dropped  off 
at  low  thrust.  The  reduced  capability  was  due  to  cooling  limits,  not  available  power.  The  dual-expander  cycle 
shows  good  chamber  pressure  capability  at  low  thrust,  but  is  the  lowest  of  the  four  cycles  over  the  range  of  this 
study.  Copper  tubular  thrust  chambers  were  shown  to  provide  a  significant  improvement  in  achievable  chamber 
pressure  over  milled  channel  chambers. 

On  the  basis  of  system  complexity,  the  full  expander  cycle  has  the  fewest  components,  the  least  severe 
design  requirements,  and  is  the  most  proven.  The  extra  heat  exchangers  and  oxidizer  environment  in  the  oxidizer 
turbine  make  the  dual-expander  cycle  clearly  the  most  complex.  The  split-expander  cycle  and  lull-expander  cycle 
with  regeneration  were  judged  to  be  equal  in  complexity  and  slightly  more  complex  fhan  the  full-expander  cycle. 

The  primary  difference  in  throttling  and  high  mixture  ratio  operation  between  the  four  cycles  is  in  the 
ability  to  provide  adequate  thiust  chamber  cooling  and  acceptable  turbine  inlet  temperatures  over  the  range  of 
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HNfilNH  SYSTHM  RHQUIRHMHNTS  AND  (iOAl.S 


Propellants 
Vacuam  Thrust 

Vacuum  Thrust  Throttling  Ratio 
Vacuum  Specific  Impulse 
Engine  Mixture  Ratio 

Chamber  Pressure 
Drive  Cycle 
Dimensional  Envelope 
Length  (stowed/extended 
Diameter  (maximum) 

Mass 

Nozzle  Type 

Nozzle  Expansion  Ratio 
Propellant  Inlet  Temperature 
Hydrogen 
Oxygen 

Inlet  Net  Positive  Suction  Head 
Hydrogen 
Oxygen 

Design  Criteria 


Service  Life  Between  Overhauls 
Service  Free  Life 
Maximum  Single  Run  Duration 
Maximum  Time  Between  Firings 
Minimum  Time  Between  Firings 
Maximum  Storage  Time  in 
Space 

Gimbal  Requirement 
Pitch  Angle 
Yaw  Angle 

Acceleration  (Maximum) 
Velocity  (Maximum) 

Start  Cycle 


Liqrnu  Hydrogen 
Liquid  Oxygen 

7,500  ihf  to  50,000  Ibf  (Study  Range) 

10:1 

6.0  (design  point  at  full  thrust) 

5.0  —  7.0  (operating  range  »t  full  hrust) 
* 

Expander 


Bell  with  not  more  than  one 
extendibie/retractable  section 
End  of  regen  section  to  1200  (Study  Range) 

37.8  R 
162.7  K 

15  ftlbf/lbm  at  full  thrust 
2  ft  lbf/lbm  at  full  thrust 
I’jman  Rated 
Aeroassist  Compatible 
Space  Rased 

500  Starts/20  Hours  Operation  (Goal) 

100  Starts/4  Hours  Operation  (Goal) 


*  Engine  Parametric  Study  Results 
**  Vehicle/Mission  St  jUy  Results 


conditions  required.  The  split  expander  cycle  was  found  to  have  a  significant  advantage  over  other  cycles  for 
throttled  and  high  mixture  ratio  operation. 

On  the  basis  of  this  comparison,  the  split  expander  and  full  expander  cycle  were  selected  as  the  cycles  to 
he  used  for  preparation  of  the  parametric  data.  These  data  are  presented  in  Appendix  A  of  this  report.  The 
split  expander  cycle  was  selected  as  the  baseline  cycle  for  the  throttling  and  high  mixture  ratio  operation  study. 
Secondary  consideration  was  given  to  throttling  the  full  expander  cycle  with  regeneration. 

THROTTLING  AND  HIGH  MIXTURE  RATIO  OPERATION 

The  basic  requirements  for  wide  range  throttling  and  high  mixture  ratio  operation  are:  (I)  achievement  of 
high  combustion  efficiency  over  a  wide  thrust  and  mixture  ratio  range  without  exc  'ssive  system  pressure  drop 
and  complexity,  (2)  the  ability  to  adequately  cool  the  thrust  chamber  over  the  wide  range  ol  conditions  required, 
(3)  achievement  of  wide  range  control  without  undue  control  system  complexity,  and  (4)  pump  How  stability 
and  avoidance  of  turbine  flow  separation  at  low  flowrates. 


A  number  of  design  features  were  identified  for  meeting  these  requirements;  they  consisted  of: 

•  Dual-orilice  injection  to  provide  acceptable  pressure  diop  and  high  combustion  efficiency  over  the  wide 
range  of  fuel  and  oxidizer  llows  required  (Figure  2) 

•  Use  of  the  split-expander  cycle  to  provide  extra  cooling  capability  for  off-design  operation 

•  Novel  control  schemes  to  provide  increased  cooling  capacity  at  off  design  conditions 

•  Inducer-interstage  struts  and  How  recirculation  to  provide  off-design  point  pump  stability 

•  Use  of  the  split -expander  cycle  to  reduce  the  turbine  How  variation  from  full  thrust  to  minimum  thrust 
and,  thereby,  inhibit  turbine  (low  separation  at  low  thrust. 


Maximum 
Chamber 
Pressure  - 
psia 


Figure  I.  Comparison  oj  Achievable  Chamber  Pressure  for  Four  Cycles  Using  Tubular  Copper  Thrust  Chambers 
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SECTION  II 

DESIGN  AND  PARAMETRIC  ANALYSIS 
EXPANDER  CYCLE  COMPARISON 

The  high-performance,  oxygen-hydrogen  expander  cycle  engine  has  been  selected  by  NASA  as  the  baseline 
propulsion  system  for  the  Space  Transfer  Vehicle  (STV).  As  a  part  of  this  study,  a  comparison  of  four  expander 
cycle  variations:'  the  full-expander,  split-expander,  dual-expander,  and  full-expander  with  regeneration  was 
conducted.  Study  results  have  provided  advanced  engine  descriptions  and  parametric  data  for  NASA’s  STV 
contractors. 

In  preparing  these  data,  a  technology  level  consistent  with  the  early-to-mid  1990s  was  established  as  a 
baseline  and  is  described  below.  The  attainment  of  a  given  chamber  pressure  in  an  expander  cycle  engine  is 
highly  dependent  upon  this  assumed  technology  level  as  well  as  the  degree  to  which  the  cycle  is  optimized. 
Definition  of  the  technology  level  for  any  study  is  always  subjective.  Although  some  assumptions  may  be  revised 
as  technology  develops,  moderate  changes  are  not  expected  to  compromise  the  validity  of  the  cycle  comparison. 

Baseline  Engine  Parameters 

(  1)  Heat  Transfer 

•  Milled  channel  copper  chambers  and  tubular  copper  chambers 

•  Haynes  230  tubular  nozzles  for  high  material  strength  and  high-temperature  operation 

•  Regenerative-cooling  to  an  area  ratio  of  210  to  1  for  the  full-  and  split-expander 

•  Regenerative-cooling  to  an  area  ratio  of  4(X)  to  1  for  the  dual-expander 

•  Maximum  thrust  chamber  wall  temperature  of  1460°R. 

(  2)  Pumps 

•  Fuel  pump  bearing  bore  diameter  x  speed  (DN)  of  3.0  x  10°  rpm-mm 

•  Maximum  pump  tip  speed  of  2100  ft/sec 

•  Shrouded  impellers. 

(  3)  Turbines 

•  Back-to-back  vaneless  main  turbines  (except  for  dual-expander  cycle) 

•  Maximum  turbine  tip  speed  of  2000  ft/sec 

•  Shrouded  turbine  blades. 

Two  thrust  chamber  cooling  concepts  were  used  in  the  baseline  study:  conventional  milled  channel  copper 
thrust  chambers  and  tubular  copper  thrust  chambers.  The  tubular  chamber  provides  an  estimated  IS  percent  heat 
transfer  chamber  enhancement  over  the  grooved  chamber  due  to  the  increased  hot  wall  surface  area. 

The  pump  bearing  l)N  limit  (product  of  diameter  and  speed  in  rpm-mm)  was  set  at  3,0  million  for  the 
hydrogen  turbopump  and  1.4  million  for  the  oxygen  nirbopump.  Based  on  Pratt  &  Whitney's  (P&W)  demonstrated 
capability  in  the  Space  Shuttle  Main  Hngine  Alternate  Turbopump  Design  and  XI. R- 129  high-pressure  engine, 
current  DN  limits  are  2.4  million  lor  ball  bearings  and  2.7  million  for  roller  bearings  in  hydrogen  and  1.4  million 
for  bearings  in  oxygen.  Previous  P&W  studies  have  indicated  that  3.0  million  DN  for  hydrogen  is  achievable 
with  modest  development.  Although  higher  effective  DNs  arc  possible  with  hydrostatic  bearings,  higher  speeds 
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complicate  the  pump  design  and  drive  the  turbine  toward  partial  admission  (lower  efficiency).  The  effect  of 
turbopump  speed  was  evaluated  independently  at  25,000-pounds  thrust  in  the  lull-expander  cycle. 

Vaneless  back-to-back,  oxvgen-hvdrogen  turbopumps  are  the  baseline  design  for  all  cycles  except  the  dual¬ 
expander  cycle.  Back-to-back  turbines  must  operate  with  a  single  turbine  drive  and  could  not  be  applied  to  the 
dual-expander  cycle.  A  discussion  of  each  of  the  engine  cycles  and  some  component  evaluations,  which  were 
also  conducted,  is  contained  in  the  following  sections. 

Turbopump  Configurations 

High  lurbopump  efficiency  is  an  important  requirement  for  attaining  high  chamber  pressure.  One  important 
issue  is  partial-admission  versus  full-admission  turbines.  The  Rl.lt)  expander  cycle  engine  initially  had  a  partial 
admission  turbine  (approximately  120°  admission),  however,  beginning  with  the  RI.10A3-3.  the  RI.10  has  used 
a  full-admission  turbine  with  a  total-lo-static  efficiency  of  over  SO  percent.  A  parameter  used  in  turbine  design, 
specific  speed,  illustrates  the  maximum  obtainable  efficiency  and  the  optimum  type  of  turbine.  Figure  3  presents 
a  specific  speed  efficiency  curve.  The  STV  cycle  requires  a  high  specific  speed  and  a  2-stage,  lull-admission 
configuration  to  provide  high  turbine  efficiencies 

Another  issue  investigated  was  turbine  configuration.  Back-to-back,  counter-rotating,  oxvgen-hydrogen 
turbopumps  were  selected  for  the  parametric  study  on  the  basis  of  their  high  turbine  efficiency  and  compact 
packaging.  A  schematic  of  the  concept  is  shown  in  Configuration  A  of  Figure  4.  Such  configurations  are  not 
unique;  they  have  been  used  for  some  time  in  gas  turbine  lurbofan  engines,  but  have  not  as  yet  been  used  in 
rocket  engine  turbomachinery.  The  configuration  eliminates  lurbine-lo-turbine  pressure  drop  and  decreases  the 
inlet  and  exit  guide  vane  losses.  The  configuration  also  provides  a  weight  reduction  by  eliminating  one  turbine 
housing  and  inter-turbine  ducting. 

During  independent  component  design  studies  conducted  by  R&W,  analysis  indicated  possible  rotor  dynamic 
instabilities  with  some  fuel  pump  configurations.  Development  of  suitable  damping  techniques  appears  practical, 
but  an  alternative  approach  is  use  of  a  split  rotor  fuel  pump  driven  by  back-to-back  turbines  as  shown  in 
Configuration  B  of  Figure  4.  This  configuration  provides  much  shorter  fuel  lurbopump  shaft  length  for  improved 
rotor  dynamics  at  the  expense  of  some  of  the  weight  and  performance  advantages  of  Configuration  A. 

Full-Expander  Cycle 

In  the  lull-expander  cycle,  depicted  in  simplified  form  in  Figure  5,  fuel  is  pumped  to  a  high  pressure  and 
used  to  cool  the  chamber  and  nozzle  assembly  and  drive  the  turbopumps.  The  gaseous  fuel  is  then  injected  into 
the  main  chamber  to  mix  and  burn  with  the  liquid  oxygen. 

An  advantage  of  any  expander  cycle  engine  is  the  relatively  benign  turbine  environment  compared  to  the 
staged  combustion  or  gas  generator  cycles.  The  expander  cycle  also  has  lower  lurbopump  discharge  pressure 
requirements  than  the  staged  combustion  cycle  and  higher  performance  than  the  gas  generator.  An  expander 
cycle  engine  is  accepted  as  a  simpler,  safer,  more  reliable  propulsion  system,  having  fewer  failure  modes  than 
other  cycles.  The  expander  engine,  of  which  the  RI.IO  is  an  example,  is  a  llight-proven  concept. 

The  lull-expander  cycle  relies  on  heat  transferred  from  the  chamber  and  nozzle  to  provide  the  energy 
required  by  the  turbopumps.  At  low  design  thrust  levels,  the  energy  available  in  the  cycle  is  sufficient  to  provide 
high  chamber  pressure  levels.  However,  as  design  thrust  increases  the  maximum  achievable  chamber  pressure 
declines,  as  shown  in  Figure  6  for  both  copper  tubes  and  milled  channel  copper  chambers.  Above  an  engine 
design  thrust  of  35,000  pounds,  full-expander  cycle  engine  chamber  pressures  are  limited  to  just  under  1500 
psia  based  on  the  assumed  technology  level. 
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Throttling  the  lull-expander  cycle  through  the  desired  20  to  1  range  presents  some  diliieult  design  challenges. 
Using  the  entire  fuel  How  for  cooling,  as  thrust  levels  decrease,  the  coolant  exit  temperatures  increase.  High 
mixture  ratio  operation  also  presents  a  cooling  problem  for  the  full-expander  cycle.  The  reduced  fuel  How  at 
the  higher  mixture  ratios  increases  the  chamber  wall  temperatures,  reducing  the  chamber  design  life.  These 
limitations  can  be  partially  offset  by  reducing  combustor  length,  use  of  overcooling  at  the  design  point,  or 
bypassing  part  of  the  How  at  the  design  point  and  using  all  of  the  (low  at  ofl-design.  However,  these  approaches 
introduce  additional  system  complexity  and  cycle  losses. 

Overall,  the  lull-expander  cycle  meets  STV  propulsion  system  requirements,  but  cooling  requirements  for 
throttling  and  high  mixture  ratio  operation  would  either  limit  operation  in  this  regime,  require  cycle  compromises, 
or  require  added  control  provisions. 

Split-Expander  Cycle 

In  the  split-expander  cycle,  shown  schematically  in  Figure  7.  a  portion  of  the  fuel  bypasses  the  chamber 
and  noz/le  coolant  passages  and  most  of  the  turbomachinery.  The  split-expander  retains  the  advantages  of 
the  full-expander  discussed  earlier  and  offers  an  additional  benefit.  With  approximately  half  of  the  fuel  (low 
routed  from  the  Ist-stage  pump  discharge  directly  to  the  injector,  the  turbopump  horsepower  requirements  for 
the  split-expander  cycle  in  a  typical  STV  cycle  are  decreased  by  approximately  15  to  25  percent. 

The  energy  available  in  the  split-expander  cycle  is  the  same  as  the  full-expander  cycle  for  a  given  thrust 
and  chamber  pressure  level.  However,  since  the  horsepower  requirements  of  the  turbopumps  are  less,  the  split- 
expander  cycle  can  achieve  higher  chamber  pressure  levels  at  the  same  technology  level.  As  shown  in  Figure 
8,  the  split-expander  cycle  with  a  tubular  copper  chamber  can  achieve  engine  chamber  pressures  above  1500  psi 
at  engine  thrust  levels  of  12,000  to  over  50,000  pounds.  The  maximum  chamber  pressure  is  approximately  150 
psi  higher  with  tubular  chambers  than  milled  channel  chambers. 

At  thrust  levels  below  25,000  pounds,  the  maximum  chamber  pressure  with  the  split-expander  begins  to 
drop.  This  decline  is  due  to  thrust  chamber  cooling  requirements  rather  than  cycle  limitations.  The  decline  could 
be  avoided  by  reducing  the  fraction  of  cooling  jacket  bypass  How.  however,  significant  reduction  in  the  design 
point  bypass  (low  would  reduce  the  inherent  advantages  of  the  split-expander  for  off-design  operation. 

The  ability  to  regulate  chamber  and  nozzle  coolant  (low  during  engine  throttling  and  high  mixture  ratio 
operation  is  an  important  benetit  of  the  split-expander  cycle.  Because  of  the  reduced  coolant  How  at  full  thrust, 
the  coolant  exit  temperature  of  the  split-expander  is  higher  than  the  lull-expander.  As  will  be  discussed  later,  the 
coolant  exit  temperature  of  the  full-expander  cycle  rises  as  the  engine  is  throttled.  By  using  the  split-expander 
jacket  bypass  valve  (JBV)  to  increase  the  percent  of  coolant  How.  the  coolant  exit  temperature  can  be  decreased 
up  to  a  point  during  throttling.  At  some  fraction  of  rated  power.  30  percent  in  the  case  studied,  the  JBV  is 
completely  closed  and  the  cycle  operates  like  a  full-expander.  However,  because  the  coolant  passages  for  the 
split-expander  are  designed  for  a  lower  How  at  rated  power,  the  combustor  wall  stabilizes  at  a  lower  temperature 
during  deep  throttling,  as  shown  in  Figure  9.  The  full-expander  curve  shown  in  that  ligure  is  for  a  case  that 
has  not  been  optimized  for  cooling  at  throttled  conditions,  l  ower  temperatures  can  be  obtained,  bui  not  without 
some  compromise  to  the  design  point  or  increase  in  control  system  complexity. 

High  mixture  ratio  operation  is  also  enhanced  with  the  split-expander  cycle.  Using  the  JBV  to  increase 
(he  percent  of  coolant  (low.  the  split-expander  cycle  is  able  to  operate  al  higher  mixture  ratio  levels  with  a 
lower  combustor  wall  temperature.  Figure  10  shows  the  cooler  copper  tube  wall  temperature  attained  with  the 
split-expander  cycle  compared  to  the  lull-expander  cycle.  The  difference  in  wall  temperatures  al  the  design  point 
is  because  the  data  are  for  a  throttled  1000  psia  condition.  For  a  thrust  chamber  that  has  been  designed  at  an 
O/F  of  6.0,  1000  psia  is  the  highest  chamber  pressure  that  can  be  achieved  while  limiting  the  maximum  hot  wall 
temperature  in  the  chamber  to  l()6()°R  (the  blanching  limit). 
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The  full-expander  cycle  wall  temperatures,  which  were  shown  in  Figure  It),  do  not  represent  an  optimi/ed 
cooling  scheme  tor  high  mixture  ratio  operation.  This  optimization  cannot  he  accomplished,  however,  without 
significant  cycle  penalties  at  normal  operation.  Low  wall  temperatures  are  essential  at  high  mixture  ratio  operation. 
The  maximum  wall  temperature  range  lor  prevention  of  copper  oxidation  is  1060  to  I260°R  without  coatings. 
Use  of  coatings  could  reduce  the  wall  temperature,  hut  reliable  coalings  are  not  currently  available  and  any 
coating  will  reduce  the  overall  heat  transfer  and  the  available  cycle  power. 


The  split-expander  cycle  is  an  untested  concept,  but  is  based  on  fully  understood  lluid  dynamic  and 
thermodynamic  principles.  The  split-expander  cycle  offers  an  attractive  alternative  to  the  full-expander  cycle, 
meeting  STV  requirements  over  the  desired  thrust  range,  and  greatly  simplifying  throttling  and  high  mixture 
ratio  operation. 

Dual-Expander  Cycle 

Another  variation  of  the  expander  cycle  is  the  dual-expander  cycle  shown  in  Figure  1 1.  The  dual-expander 
cycle  uses  all  the  fuel  How  to  cool  the  chamber  and  drive  the  fuel  turbopump.  Oxygen  is  vaporized  in  the  nozzle 
or  an  auxiliary  heat  exchanger  and  subsequently  used  to  power  the  oxidizer  turbopump.  This  cycle  offers  several 
advantages  over  both  the  full-  and  split-expander  cycles.  The  oxygen  turbopump  does  not  require  a  special 
interpropellant  seal  package  between  the  pump  and  turbine  sections.  The  availability  of  gaseous  oxygen  at  all 
thrust  levels,  simplifies  the  task  of  maintaining  combustion  stability  during  throttling.  Separate  turbine  drive 
lluids  simplify  mixture  ratio  control,  but  add  complexity  to  transient  control. 

For  a  given  thrust  and  chamber  pressure  level,  the  energy  available  to  the  dual-expander  cycle  is  the  same 
as  both  the  full-  and  the  split-expander  cycles.  The  turbopump  horsepower  requirements  and  the  fuel  pressure 
level  are  comparable  to  the  full-expander.  Because  oxygen  is  less  efficient  as  a  turbine  working  lluid.  and  there 
is  less  flexibility  in  the  split  in  turbine  available  energy,  the  dual-expander  cycle  is  more  pressure  limited  than 
the  other  cycles.  Figure  12  shows  the  maximum  chamber  pressure  attainable  with  the  dual-expander  cycle  lor 
both  copper  tubular  and  milled  channel  combustion  chambers. 


Above  an  engine  thrust  level  of  approximately  2(),()()<)  pounds,  the  dual-expander  cycle  cannot  achieve 
chamber  pressures  above  1200  psia  without  use  of  regenerators  or  internal  heat  exchangers  to  provide  additional 
energy  to  the  cycle.  While  regeneration  is  possible,  the  achievable  pressure  would  always  be  lower  than  with  the 
same  enhancements  in  a  lull-expander  cycle  except  at  low  thrust  (below  7500  pounds).  At  low  thrust,  expander 
cycles  are  limited  by  the  hydrogen  temperature  out  of  the  cooling  jacket;  allowing  the  oxygen  to  absorb  a  portion 
of  the  energy  increases  the  total  energy  available  within  the  temperature  limit. 

Using  liquid  oxygen  to  cool  the  nozzle  also  provides  a  source  of  gaseous  oxygen  to  supply  tank  pressurant 
and  promote  combustion  stability  during  deep  throttling,  negating  the  need  for  a  variable  area  injector  or  a 
separate  heat  exchanger.  However,  experience  has  shown  that  achieving  good  mixing  with  gaseous  fuel  and 
gaseous  oxidizer  over  a  wide  range  of  conditions  is  difficult,  and  combustion  efficiency  may  suffer  at  throttled 
or  high  mixture  ratio  conditions. 


I. ike  the  split-expander  cycle,  the  dual-expander  cycle  is  an  untested  concept.  The  dual-expander  cycle 
differences  from  the  proven  full-expander  cycle  also  are  based  on  understood  fundamental  lluid  dynamics  and 
thermodynamics.  Technology  questions,  such  as  turbine  material  characterization  in  gaseous  oxygen  and  control 
during  deep  throttling  and  high  mixture  ratio  operation,  need  to  be  addressed.  Despite  its  pressure  limits  at 
moderate  thrust  and  more  complex  operation  compared  to  other  expander  cycles,  the  dual-expander  remains  a 
candidate  for  the  STV,  but  primarily  at  low  design  thrust  levels. 
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Regenerators  and  Enhanced  Heat  Transfer 


A  higher  chamber  pressure  al  higher  thrust  levels  can  he  achieved  through  use  of  a  regenerator  or  enhanced 
thrust  chamber  heat  transfer  in  the  lull-expander  and  dual-expander  cycles.  The  split-expander  cycle  can  also 
benefit  from  enhanced  heat  transfer,  but  the  lower  chamber  coolant  Hows  do  not  provide  adequate  cooling  when 
greatly  enhanced  heat  transfer  is  used  below  50,000-pounds  thrust.  The  function  of  a  regenerator  is  to  increase 
the  available  turbopump  power  by  recovering  heat  downstream  of  the  turbines  and  using  it  to  preheat  the  fuel 
before  cooling  the  thrust  chamber  (Figure  13).  Hnhanced  chamber  heat  transfer  increases  the  available  power  to 
the  turbines  and  can  be  achieved  by  using  tinned  cooling  tubes  and  ribbed  chamber  walls. 

The  upper  limit  chamber  pressure  for  the  full-expander  cycle  with  regeneration  is  shown  in  Figure  14.  The 
enhancement  of  the  full-expander  cycle  with  the  addition  of  a  regenerator,  provides  a  signilieant  increase  in 
chamber  pressure  over  the  entire  thrust  range. 

Cycle  Selection 

Figure  15  compares  the  tour  cycles  studied  on  the  basis  of  copper  tubular  thrust  chamber  construction.  Figure 
16  shows  the  same  comparison  using  a  milled  channel  copper  chamber  instead  of  tubular  copper  chambers.  The 
full-expander  cycle  with  regeneration  produces  higher  chamber  pressure  levels,  but  the  higher  coolant  temperature 
at  the  design  point  aggravates  the  already  difficult  job  of  cooling  at  throttled  or  high  mixture  ratio  operation. 
Hnhanced  chamber  heat  transfer  accomplishes  the  same  results,  but  also  raises  the  same  concerns,  bypassing  the 
regenerator  at  off-design  conditions  partially  alleviates  this  problem. 

On  the  basis  of  this  comparison,  the  lull-expander  cycle  with  regeneration  was  judged  to  have  the  highest 
chamber  pressure  capability  over  the  range  of  thrust  considered.  The  capabilities  of  the  split -expander  cycle 
and  full-expander  cycle  without  regeneration  were  only  slightly  lower  over  most  of  the  thrust  range.  The  split- 
expander  cycle  was  found  to  have  unique  advantages  for  throttled  and  off-design  operation.  The  full-expander 
cycle  with  regeneration  and  the  split -expander  cycle  were  therefore  selected  as  the  cycles  tor  developing  the 
parametric  data.  The  split -expander  cycle  was  selected  as  the  baseline  for  the  throttling  and  high  mixture  ratio 
evaluation  and  the  full-expander  cycle  with  regeneration  was  given  secondary  consideration. 

PARAMETRIC  DATA 

Fmgine  parametric  performance  envelope  and  weight  data  were  generated  over  the  range  of  design  point 
parameters  studied  (Table  2).  The  data  are  presented  in  graphical  form  in  Appendix  A.  All  data  are  for  an 
oxidizer/fuel  (O/F)  ratio  of  6.0. 


TABLK  2.  —  ADVANCHI)  HNGINH  STUDY  RANCH  OF  DHSKiN  POINT  PARAMHTHRS 

Vacuum  Thrust  7500  to  50.000  lb! 

Chamber  Pressure  1000  psia  to  cycle  limit 

Expansion  Ratio  Regenerative  terminus  to  1200 


The  upper  limit  chamber  pressures  presented  in  the  “cycle  selection”  section  ranged  from  1040  to  1940  psia 
for  the  various  cycles  and  thrust  levels  investigated.  These  limits  are  not  absolute,  but  rather  are  relative  limits 
based  upon  the  assumed  technology  level  chosen  for  this  study.  Chamber  pressures  above  2000  psia  appear 
possible  for  most  cycles  at  most  thrust  levels  (refer  to  the  “Fligher  Chamber  Pressure  Requirements"  section). 
However,  an  upper  limit  of  2000  psia  was  selected  lor  developing  the  parametric  data.  The  following  paragraphs 
describe  the  methodology  used  to  produce  the  parametric  data. 


Performance 


In  calculating  the  predicted  impulse,  an  ideal  impulse  was  calculated,  and  then  efficiencies  were  applied 
to  the  ideal  impulse  to  account  lor  various  losses.  These  losses  include  energy  release  losses,  kinetic  losses, 
divergence  losses,  and  houndary-laver  losses. 


The  ideal  predicted  impulse  was  calculated  with  the  NASA  one-dimensional  chemical  equilibrium  computer 
code  (ODH)  analysis  using  engine  inlet  lluid  enthalpies.  For  this  analysis,  an  adiabatic  assumption  was  employed 
with  the  control  volume  encompassing  the  engine.  The  propellants  enter  the  control  volume  at  the  engine  inlet 
and  exit  the  control  volume  at  the  nozzle  exit  plane.  The  energy  release  losses  are  accounted  for  by  applying  a 
combustion  efficiency  to  the  ideal  impulse.  For  this  study,  a  constant  combustion  efliciency  of  0,992  was  used 
which  is  based  on  performance  expected  with  tangential  swirl  injectors.  The  remaining  losses  are  accounted  for 
by  applying  a  nozzle  efficiency  to  the  impulse  that  has  been  corrected  for  energy  release  losses.  For  this  study, 
a  constant  nozzle  efficiency  of  0.9X2  was  used  which  is  based  on  a  maximum  payload  truncated  bell  nozzle. 


A  comparison  was  made  between  the  method  of  performance  prediction  used  in  this  study  and  experimental 
data  presented  in  Table  3  (ref.  1).  To  make  a  valid  comparison  between  the  predicted  and  measured  performance 
a  few  assumptions  were  made.  First,  the  combustion  efficiency  (tjC*)  that  was  calculated  from  the  experimental 
results  was  used  in  calculating  the  predicted  performance  rather  than  the  constant  combustion  efliciency  that 
was  used  in  the  study. 


Second,  typical  cryogenic  engine  inlet  propellant  conditions  were  used  to  calculate  the  ideal  specific  impulse 
instead  of  using  the  measured  injector  inlet  conditions  (ref.  I).  The  second  assumption  was  made  so  as 
to  maintain  the  validity  of  the  adiabatic  assumption  that  was  used  in  this  study.  During  the  experimental 
performance  measurements,  the  propellants  were  not  maintained  at  cryogenic  conditions,  but  were  heated  to 
ambient  temperature  by  the  atmosphere.  Also,  as  the  propellants  were  combusted  and  expanded,  heat  was 
removed  by  the  water  jacket  that  surrounded  the  throat  region  and  the  heat  retaining  capacity  of  the  metal.  The 
ambient  heat  addition  to,  and  the  water  jacket  heat  removal  from,  the  propellants  tend  to  offset  one  another, 
thus  validating  the  adiabatic  assumption. 


As  shown  in  Figure  17,  the  comparison  shows  best  agreement  around  an  D/F  of  5.0  for  the  1030  to  1  area 
ratio  anti  best  agreement  around  an  O/F  of  4.0  for  the  42X  to  I  area  ratio.  The  difference  between  the  predicted 
and  experimental  performance  at  the  lower  mixture  ratios  is  probably  due  to  the  reduction  in  heat  llux  at  lower 
mixture  ratios  while  the  ambient  heat  addition  remains  constant. 


The  chamber  pressure  levels  from  the  experimental  cases  are  much  lower  than  those  investigated  in  this 
study.  The  study  (ref.  I )  indicated  that  a  laminar  boundary  layer  assumption  showed  the  best  agreement  with 
the  experimental  data.  However,  subsequent  studies  by  NASA  Lewis  (ref.  2)  indicate  that  for  higher  chamber 
pressure  f"’els  (360  to  2600  psia)  a  transitional  boundary  layer  occurs.  Although  no  performance  data  were 
presented,  the  transitional  boundary  layer  would  probably  be  detrimental  to  performance. 


The  parametric  analyses  show  that  thrust  level  has  no  effect  on  vacuum  specilic  impulse  while  chamber 
pressure  has  very  little  effect,  i.e.,  less  than  l  second  increase  in  going  from  a  chamber  pressure  of  1000  psia 
to  2000  psia  (Figure  IX).  Area  ratio  is  the  biggest  driver  of  specilic  impulse.  An  area  ratio  above  900  would 
be  required  to  achieve  a  4X0  sec  vacuum  Lp  based  on  the  current  data. 
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TABLE  .1  —  COMPARISON  OF  P&W  PRHDICTHI)  PHRFORMANCH  )" »  WITH  MEASURED 

PKRFORMANCF;  (lspm)  FOR  THF  NASA  I.KWIS  1030  TO  I  ARFA  RATIO  NOZXI.F  (RFF  1) 


Rending 

AR 

I'VAC 

rc 

0/1 

/•/- 

1 12 

1030. 

544.4 

360.0 

3.84 

456.1 

468.9 

0.973 

1 13 

1030. 

541.6 

356.9 

4.36 

457.7 

460.4 

0.994 

1 14 

1030. 

552.3 

360.9 

5.08 

459.2 

45 1 .9 

1.016 

1 15 

1030. 

550.4 

355.3 

5.49 

458.6 

449.7 

1 .020 

117 

1030. 

531.5 

356.2 

3.19 

451  8 

473.4 

0.954 

120 

1030. 

546.1 

355.2 

4.30 

457.7 

466.1 

0.982 

121 

1030. 

552.9 

360.0 

4  1 1 

457.7 

473.6 

0.966 

123 

1030. 

534.3 

355.2 

3.19 

451.8 

481.1 

0.939 

124 

1030. 

536.4 

361.4 

2.78 

447.4 

481.3 

0.929 

125 

1030. 

541.0 

354.0 

3.74 

455.6 

477.8 

0.953 

136 

428. 

500.9 

345.6 

3.04 

446.7 

462.3 

0.966 

137 

428. 

531.6 

356.8 

4.29 

453.3 

452.6 

1  002 

Notes: 

“’Fpc  was  calculated  using  one-dimensional  equilibrium  (with  l.ngine  Inlet  l-nthalpies).  a 
constant  nozzle  efficiency  (0.982).  and  the  experimentally  determined  ?)('*. 

Engine  Envelope 

Engine  overall  lengths  and  exit  diameters  were  calculated  over  the  range  of  specified  operating  conditions. 
The  length  of  the  engine  is  from  the  gimbal  mount  to  the  noz/le  exit  plane  and  consists  of  three  separate  lengths. 
The  first  length  is  the  distance  from  the  engine  gimbal  mount  to  the  injector  face.  This  was  estimated  from 
layouts  of  engines  of  comparable  thrust.  The  length  of  the  combustion  chamber,  the  second  length,  was  held 
constant  at  15  inches.  The  remainder  of  the  engine  length  is  the  distance  from  the  throat  to  the  nozzle  exit 
plane.  A  maximum  payload  bell  nozzle  contour  was  generated  for  the  chamber  pressures,  thrust  levels,  and 
nozzle  expansion  ratios  of  the  parametric  study.  The  engine  diameter  is  the  exit  diameter  of  the  nozzle  and  is 
a  function  of  the  thrust  level,  chamber  pressure,  and  expansion  ratio. 

Weight 

Parametric  engine  weights  were  generated  over  the  range  of  specified  operating  conditions.  Historical 
thrust/weight  data  were  used  to  estimate  these  weights  with  adjustments  being  made  lor  size,  cycle,  material, 
and  technology  differences.  These  adjustments  included  nozzle  weights  which  were  calculated  as  a  function 
of  nozzle  surface  areas.  The  difference  in  weight  between  the  split-expander  cycle  anil  the  lull-expander  cycle 
with  a  regenerator  were  accounted  for  by  adding  or  removing  components.  Analysis  of  the  results,  given  in 
Appendix  A,  show  a  slight  weight  advantage  lor  the  split-expander  cycle  when  compared  to  the  full-expander 
cycle  with  regenerator. 

Nozzle  Contour  Trade-off 

The  maximum  payload  bell  nozzle  contour,  used  throughout  the  parametric  study,  is  a  rather  long  nozzle 
that  is  used  to  attain  high  specific  impulse.  A  sensitivity  study  was  conducted  to  calculate  the  effect  of  no/zle 
contour  on  the  trade-off  of  length  and  weight  with  performance.  Nozzle  contours  from  a  minimum  length  to  a 
maximum  performance  were  examined  lor  a  chamber  pressure  of  1500  psia.  The  results  are  presented  in  Figures 


19  and  20  tor  the  nozzle  expansion  ratio  range  of  interest  and  show  that  going  to  a  shorter  nozzle  can  decrease 
engine  weight  by  up  to  12  percent  for  a  high  area  ratio  (1200  to  1)  engine  while  dropping  performance  only 
approximately  1.0  second.  However,  for  a  relatively  low  area  ratio  (210  to  1)  engine,  performance  decrease  by 
almost  3  seconds  when  a  minimum  length  nozzle  contour  is  used  while  engine  weight  drops  by  only  3.5  percent. 

HIGHER  CHAMBER  PRESSURE  REQUIREMENTS 

The  upper  limit  chamber  pressures,  discussed  in  the  "cycle  selection”  section  were  based  on  rather 
conservative  assumptions  of  mid-1990s  technology.  Selection  of  the  technology  level  for  the  cycle  comparison 
was  driven  by  these  considerations: 

•  There  appears  to  be  little  increase  in  specific  impulse  or  system  performance  at  chamber  pressures 
above  1000  to  1500  psia. 

•  Not  pushing  the  system  design  and  associated  technology  levels  to  extreme  limits  provides  margin  for 
system  flexibility,  thereby  simplifying  throttling  and  high  mixture  ratio  operation. 

•  Not  pushing  system  design  and  technology  levels  to  extreme  limits  reduces  development  difficulty 
(program  risk)  and  helps  ensure  a  high  level  of  reliability. 

Higher  pressures  are  possible  and  may.  under  some  circumstances,  be  worth  the  additional  complication. 
A  system  sensitivity  study  was  conducted  to  determine  which  of  the  cycle  parameters  in  the  original  study 
most  significantly  limited  chamber  pressure  and  to  show  how  modifying  these  variables  could  extend  chamber 
pressure  limits. 

The  cycle  parameters  used  in  the  sensitivity  study  are  listed  in  Table  4.  As  appropriate,  the  parameter 
sensitivity  was  investigated  for  both  the  split-expander  cycle  and  lull-expander  cycle  with  regeneration. 


TABLE  4.  —  APPROACHES  TO  HIGHER  CYCLE  CHAMBER  PRESSURE 


Cycle  Parameter 
Improvement 

Cycle 

Means  of  Achieving 
Improvement 

Higher  Pump  Efficiency 

Full-Expander  With  Regenerator 
Split-Expander 

Higher  Pump  Speed,  Reduced  Pump 
Leakage 

Higher  Turbine  Efficiency 

Full-Expander  With  Regenerator 
Split-Expander 

Higher  Turbine  Speed,  Reduced  Tip 
Leakage 

Higher  Turbine  Pressure  Ratio 

Full-Expander  With  Regenerator 
Split- Expander 

Higher  Pump  Discharge  Pressure 

Coolant  Jacket  Bypass  Flow 

Split-Expander 

Increase  Bypass  Flow  to  Obtain 
Higher  Turbine  Inlet  Temperature 

Regenerator  Effectiveness 

Full-Expander  With  Regenerator 

Larger,  More  Effective  Regenerator 

Increased  Thrust  Chamber  Heat 
Transfer 

Full-Expander  With  Regenerator 
Split-Expander 

Tubular  Chamber. 

Increased  Thrust  Chamber  Length 

The  effect  of  pump  efficiency  on  maximum  achievable  pressure  is  shown  in  Eigures  21  and  22  for  the  two 
cycles.  Eor  the  split-expander  cycle,  an  increase  of  5  percent  in  fuel  and  oxidizer  pump  efficiency  over  the 
baseline  cycle  pump  efficiencies  (approximately  65  percent  for  the  fuel  pump  and  75  percent  for  the  oxidizer 
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pump)  produces  an  increase  of  150  psi  in  chamber  pressure  if  all  other  cycle  variables  are  held  constant.  Fuel 
pump  efficiency  improvements  could  be  achieved  hy  developing  hydrostatic  bearings  to  operate  well  above  the 
baseline  cycle  turbopump  speed  (125,000  rpnt  for  the  fuel  pump)  or  by  reducing  internal  pump  leakage  below 
current  state-of-the-art  projections.  For  the  full-expander  cycle  with  regeneration,  a  5  percent  increase  in  pump 
efficiency  provides  a  170  psi  increase  in  chamber  pressure. 

Figures  23  and  24  show  the  effect  of  increases  in  turbine  efficiency  on  chamber  pressure.  A  5  percent  increase 
in  fuel  and  oxidizer  turbine  efficiency  over  the  baseline  values  of  80  to  85  percent  produces  an  85  psi  chamber 
pressure  increase  for  the  slit  expander  cycle  and  a  95  psi  increase  in  the  lull-expander  cycle  with  regeneration. 

All  of  the  cycle  studies  prepared  under  the  study  have  been  based  on  a  turbine  pressure  ratio  of  2.1.  Pratt  & 
Whitney  experience  has  shown  that  a  pressure  ratio  of  2.1  produces  a  chamber  pressure  that  is  near,  but  slightly 
below  the  maximum  that  can  be  achieved.  However,  higher  turbine  pressure  ratios  produce  only  slightly  higher 
chamber  pressures  at  the  expense  of  a  very  high  head  rise  and  discharge  pressure  requirement  on  the  pump.  Tins 
trend  is  shown  in  Figures  25a  and  25b.  For  the  full-expander  cycle  with  regeneration,  increasing  the  turbine 
pressure  ratio  to  2,4  increases  chamber  pressure  by  only  90  psi,  while  requiring  an  increase  in  pump  discharge 
pressure  of  10(H)  psi.  Similarly,  for  the  split-expander  cycle,  where  the  maximum  chamber  pressure  is  achieved 
at  a  turbine  pressure  ratio  of  2.6  the  chamber  pressure  is  increased  by  only  120  psi  over  the  reference  value.  Yet 
the  balanced  cycle  at  the  pressure  ratio  of  2.6  requires  a  large  increase  in  fuel  pump  discharge  pressure  to  66(H) 
psia  compared  to  the  reference  pump  discharge  pressure  of  5100  psia. 

The  split-expander  cycle  has  a  unique  variable  that  can  be  optimized  for  maximum  pressure,  i.e. ,  the  fraction 
of  the  fuel  that  bypasses  the  cooling  jacket  and  turbines.  All  of  the  unthrottled  split  expander  cycles  prepared 
under  this  study  have  been  based  on  50  percent  bypass  flow.  At  low  thrust  (below  approximately  20,(HH)  pounds), 
the  optimum  bypass  flow  for  maximum  chamber  pressure  is  below  50  percent;  however,  50  percent  was  used 
as  a  minimum  in  the  split-expander  cycle  to  provide  flexibility  for  cooling  with  throttling  or  high  mixture  ratio 
operation.  As  shown  in  Figure  26,  increasing  the  jacket  bypass  flow  at  25,(HH)  pounds  of  thrust  would  produce  a 
small  increase  in  maximum  chamber  pressure  at  the  expense  of  a  significant  increase  in  turbine  inlet  temperature. 

In  the  full-expander  cycle  with  a  regenerator,  the  regenerator  heat  transfer  effectiveness  is  a  design  variable 
that  affects  available  power.  A  relatively  low  effectiveness  was  used  in  the  cycle  comparison  study  because 
of  cooling  limitation  at  low  design  point  thrust  and  problems  associated  with  throttling  with  the  regenerator  in 
the  cycle.  At  the  25,(HH)-pound  thrust  level,  a  higher  regenerator  effectiveness  is  feasible  and  can  provide  a 
significant  increase  in  achievable  chamber  pressure,  as  shown  in  Figure  27. 

The  effect  of  increased  thrust  chamber  heat  transfer  was  determined  for  both  the  split-expander  cycle  (Figure 
28)  and  the  full-expander  cycle  with  regeneration  (Figure  29).  Chamber  heat  transfer  enhancement  with  a  tubular 
chamber  has  been  estimated  to  be  18  percent  over  a  milled  channel  chamber  due  to  the  increased  hot  side 
surface  area.  This  is  the  value  used  in  the  cycle  comparison  study.  The  actual  heat  transfer  enhancement  with 
tubular  chambers  could  be  significantly  more  than  18  percent.  An  additional  10  percent  increase  in  the  predicted 
heat  transfer  (1 10  of  1 18  percent)  could  increase  chamber  pressure  by  80  psia  for  (he  split-expander  cycle  and 
by  60  psia  for  the  full-expander  cycle  with  regeneration.  The  chamber  heat  transfer  can  also  be  increased  by 
lengthening  the  thrust  chamber. 

The  baseline  length  for  the  candidate  cycle  thrust  chambers  is  12.3  inches.  Figures  30  and  31  show  the 
impact  on  chamber  pressure  of  increasing  this  length  to  16  inches  for  the  split-expander  cycle  and  the  full- 
expander  cycle  with  regeneration,  respectively.  A  14.7  inch  chamber  length  raises  the  achievable  chamber 
pressure  by  95  psia  for  the  split-expander  cycle  engine.  Above  that  length,  however,  the  coolant  pressure  lo.vs 
increase,  associated  with  the  enhanced  heat  transfer,  exceeds  its  benelits  and  results  in  a  lower  attainable  chamber 
pressure.  The  full-expander  cycle  with  regeneration  experiences  an  increase  in  chamber  pressure  of  54  psia  for 
the  same  14.7  inch  long  chamber. 
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Based  on  the  above  results  of  this  sensitivity  study,  an  extended  chamber  pressure  limit  design  was  generated 
for  each  cycle.  Moderate  levels  of  improvement  were  selected  for  each  parameter  to  slay  with  optimistic,  but 
not  unrealistic,  state-of-the-art  technology  for  the  mid-1990s.  Table  5  lists  the  chosen  improved  cycle  parameter 
values.  Tables  6  and  7  present  the  higher  chamber  pressure  cycle  data  for  the  split-expander  and  the  full- 
expander  with  regeneration,  respectively.  The  split-expander  Cycle  achieves  a  chamber  pressure  of  2044  psia 
with  a  resulting  pump  discharge  pressure  of  6923  psia  and  an  oxygen  turbopump  turbine  inlet  temperature  of 
1556°R.  The  full-expander  cycle  with  regeneration  attains  a  2 198  psia  chamber  pressure  with  a  pump  discharge 
pressure  of  7572  psia  and  a  turbine  inlet  temperature  of  957°  R. 


TABLK  5.  —  CYCI.H  PARAMHTHRS  IMPROVHMKNT  VALUHS 


Split- Expander 
Cycle 

Full-Expander 

Cycle  W/Regenerator 

Turbine  Pressure  Ratio 

2.2 

2.2 

Pump  Efficiency,  % 

+5 

+5 

Turbine  Efficiency,  % 

+5 

+5 

Jacket  Bypass,  % 

55 

N/A 

Regenerator  Effectiveness,  % 

N/A 

+  10 

Increased  Chamber  Length,  in. 

+2.4 

-2.4 

TABLE  6.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY,  SPLIT-EXPANDER 

ENGINE 


CHAMBER  PRESSURE  ?043.7 

VAC  £NGI*€  thrust  2S00O. 

TOTAL  £»CI»C  FLOW  aiTf  ST.07 

OEL.  VAC.  IS#*  480.1 

THROAT  A*£ A  5 . 99 

NOZZLE  A9EA  RATIO  1000.0 

NOZZLE  E*IT  0IAHETE-*  87.34 

ENCIK  FIXTURE  RATIO  *.00 

ETA  C-  0.113 

chamber  COOL AH T  or  1  5*s  . 

CHAMBER  coolant  ot  hoi. 

NOZZLE/CHAMBER  0  17501. 


ENGIFC  STATION  CONDITIONS 


•  FUEL 

SYS  TO*  1 

CONDITIONS  • 

STATION 

PRESS 

rry*> 

FLOW 

ENTHALPY 

a.p.  imjet 

18.4 

57. A 

7.AA 

-107. S 

B.P.  EXIT 

100.2 

58 .4 

7.AA 

-103.2 

PUT*>  IK_ET 

100.2 

18. A 

7. 44 

-103.2 

1ST  STAGE  EXIT 

2740.4 

7..S 

7 .  AA 

4S.4 

J8V  INLET 

2  70S  .  A 

77.0 

A.  05 

45.4 

JSV  EXIT 

::h.4 

80.2 

4.05 

4S.4 

2ND  STAGE  EXIT 

A8  *0 . 2 

115.5 

3.5S 

221.7 

PUMP  EXIT 

4522.3 

IAS  .8 

3.55 

3.3.S 

COOLANT  IN_£T 

46S5.4 

14. .3 

5 . 55 

341.5 

COOLANT  EXIT 

SABS . 2 

1555.3 

3.35 

5507. A 

TBV  IH_ET 

SA5J.A 

1555. 4 

0.17 

5507. A 

TBV  EXIT 

2AC3.5 

1577.5 

0.17 

5507.4 

02  TRB  I4LET 

SA55.A 

1555.. 

5 . 18 

5507.4 

02  TRB  EXIT 

AS  *A  .  5 

IS  17.  7 

3.18 

5340.4 

M2  TRB  INLET 

A8  *4  .  J 

1517.7 

3.18 

5340.4 

M2  TRB  EXIT 

2S7I  .4 

1555.2 

3.18 

4445 -4 

M2  TRB  DIFFUSER 

2S07.4 

1555.7 

3.18 

444S.4 

M2  SST  TRB  IN 

2432.5 

1555.7 

S.18 

4445.4 

M2  BST  TRB  OUT 

2442 . 5 

1551.2 

3.18 

4435.4 

M2  BST  TRB  DIFF 

2AS7.J 

1551.5 

3.18 

4435.4 

02  BST  TR8  IN 

2452.4 

IS!!.  4 

3.18 

4455.4 

02  BST  TRB  OUT 

2421 .S 

155:. 0 

3.  18 

4430.2 

02  BST  TRB  DIFF 

2420. A 

1552.0 

3.18 

4430.2 

M2  TANK  PRESS 

13.4 

134C.1 

0 .0044 

4474.0 

COX  KAT  EX  CM  !M 

24CB.5 

1542.5 

3.54 

4474.0 

COX  MEAT  EXCH  OUT 

25*».2 

1541.7 

3.34 

4471.0 

MIXER  MOT  IN 

25*4.2 

1541.7 

3.34 

4471.0 

MIXER  COLD  IN 

22**. A 

80.2 

4.05 

45.4 

MIXER  OUT 

2274.4 

422.0 

7.44 

2134.5 

FSOV  I  ►LET 

227% .4 

422.0 

7.44 

2134.5 

FSOW  EXIT 

2213. S 

422.5 

7 .44 

2134.5 

CHAMBER  IWJ 

2157.3 

422.4 

7.44 

2154.5 

CHAMBER 

2845. 7 

DENSITY 
4  .57 
A  .  55 
A  .55 
A  .  4: 
A. 55 
A.  !A 
A.  5. 

A  .  58 
A.  5* 
0.41 
0.40 

0 .  rs 
0  .  *0 
0.5* 
0.5% 
0. 54 
0- 5A 
0.34 
0.55 
0.55 
0 . 55 
0.55 
0.55 
0 .cor. 

0. 12 
0.12 

0.32 
A.  1A 
0.44 
0-44 
0.42 
0.42 


«  OXYGEN  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

B.P.  IK.ET 

U.O 

B.P.  EXIT 

155.2 

PUMP  I ►LET 

155.2 

Pt*P  EXIT 

3301.8 

02  TANK  PRESS 

14.0 

OSOV  ItLET 

3274.7 

OSOV  EXIT 

2215.7 

OCV  IK.ET 

5274.7 

OCV  EXIT 

22*5 . 7 

CHAMBER  INJ 

2270.7 

CHAMBER 

2045. 7 

VALVE 

DELIA  P 

JBV 

404. 

TBV 

5325. 

F50V 

57. 

OCV 

*83  . 

TE*V» 

flow 

Enthalpy 

142.7 

44.7 

41  .1 

145.5 

44.7 

42.3 

145. 5 

44.7 

42.3 

ITS. 8 

44.7 

72.8 

400.0 

0.074 

204 . 7 

1  73.1 

4.7 

72.8 

132.8 

4.7 

72.8 

1  »3  - 1 

37.1 

72.8 

182.8 

37.1 

72.8 

182-1 

44.4 

72.8 

valvE  OaTa 

• 

AZZ* 

flow 

X  BYPASS 

0  15 

4.01 

55.00 

0  31 

0.17 

V* 

0 

0 

l  13 

7  .44 

c  :i 

44.4J 

OENSITY 
70.55 
70. «S 

70.  as 

71  .  48 
0.12 
71.45 
70.12 
71  .45 
70.12 
70.04 


•  INJ? :  -  OR  OATA  • 

DELTA  P 

ISA.  I  .S 

227.  C  55 


INJECTOR 

FUEL 

COX 


IS 


flow 

7.44 
AA  41 


TABLE  6 


-  ADVANCED  ENGINE  PARAMETRIC  STUDY,  SPLIT-EXPANDER 
ENGINE  (Continued) 


•  Ti*BOHaCHIk£Rv  DATA  • 


•  K?  BOOST  TURBIK  • 

«  K2  BOOST  PUMP  ■ 

EFFICIENCY  CT/T1 

0.917 

EFFICIEnCv 

0  .806 

EFFICIENCY  (T/S) 

0.688 

mOR SEP ONER 

6S- 

SPEED  (RPM) 

61220. 

SPrED  (RPh  j 

61228. 

KAN  DIA  UN) 

2  .  18 

S  SPEED 

30S2. 

EFF  AP£A  ( I NT ) 

I  .  78 

KAO  (FT ) 

2680 . 

U/C  (ACTUAL) 

0.SS3 

0  1  A  .  UN) 

2.63 

MAX  TIP  SPEED 

680. 

TIP  SPEED 

638. 

STAGES 

1 

VTX.  FLOW 

740. 

GANNA 

1  .63 

KAO  COEF 

0.6S0 

PRESS  RATIO  (T/T) 

I  -01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

l-Ot 

MORSE  Pt»CR 

6S. 

EXIT  MACH  MtAOER 

0.06 

SPECIFIC  SPEED 

113.66 

SPECIFIC  DlAfCTCR 

0.76 

■  N2  Tl*8IK  ■ 

•  K2  PUN1 

STAGE  OnE 

STAGC  TN3 

STAGE  TXtfT 

EFFICIENCY  (T/T) 

0.82S 

EFFICIENT*  0.640 

0  .STS 

0.SR3 

EFFICIEKY  (T/SI 

0. 787 

K3RSEPOER  1  7  78. 

7LO. 

708. 

SPEED  (RPN) 

12S000. 

SPEED  ( RPh )  12S000. 

12SOOO. 

I2S008. 

►CRSCPOKR 

3218. 

SS  SPEED  H34R. 

KAN  DIA.  (IN) 

3.30 

S  SPEED  *80. 

S60. 

SS4. 

EFF  AREA  (IN2) 

0.18 

KAO  (FT)  86  7  3S . 

•  «*rs . 

47004. 

U/C  (ACTUAL) 

0.626 

0I«.  <!*>  4.12 

3.78 

3  78 

MAX  TIP  SPEED 

1871  . 

TIP  SPEED  226«  . 

2041. 

2061. 

STAGES 

2 

VOL.  FLO-  7SS. 

S6S. 

363. 

CANVk 

1  .63 

KAO  COE'  0.5  .,2 

0.S30 

o.soe 

PRESS  RATIO  (T/T) 

t  .89 

FLOW  COE'  C  .088 

PRESS  RATIO  (T/S) 

1.96 

DIANETER  Rat  10  0. 304 

EXIT  NATH  M X8ER 

0.13 

KAAIHG  >1  J.OOE-Ot 

SPECIFIC  SPEED 

26.37 

SNAFT  D1 ANETER  26.00 

SPECIFIC  OlA/CTER 

2.19 

■  02  BOOST  TURBIN  • 

•  02  BOOST  PiAR»  • 

Ecp  IC  IE>OY  (T/T) 

0.912 

EF=  ICIEMO 

0.803 

EFFICIENCY  (T/S) 

0.803 

KRSEPOuER 

2S . 

SPEED  (  RPh  ) 

11066. 

SPEE0  (RPH) 

11064. 

KAN  0 1 A  (  IN) 

S.99 

S  SPEED 

3026. 

EFF  AREA  (IN2) 

2.6S 

Kao  (FT) 

242. 

U/C  (ACTUAL) 

0.SS3 

OIA.  Un) 

2.73 

KAX  TIP  SPEED 

310. 

t;p  speed 

1  i  2. 

STAGES 

1 

VOL.  FLOW 

283. 

GAPR1A 

1  .63 

KaD  COEF 

0.6*0 

PRESS  RATIO  (T/T) 

1.00 

FL(X  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

K3RSEP  *4E* 

2S. 

EXIT  MACH  NUMBER 

0.03 

SPECIFIC  SPEED 

S6.X8 

SPECIFIC  OIAKTCR 

l.SQ 

•  02  TiRtOC  • 

•  02  PtP^  « 

EFFICIENCY  (T/T) 

0.882 

EFFICIEKY 

0.783 

EFFICIENCY  (T/SI 

0.8X9 

•OR  SE  POWER 

642. 

SPEED  (RPM) 

7  2  OS  4  . 

SPEED  (RPhi 

720S4. 

mQRSEPOKR 

442. 

SS  SPEED 

23962. 

KAN  DIA  (IN) 

3.30 

S  SPEED 

1690. 

EFF  AREA  (IK2I 

0.24 

€a0  (FT) 

4S7S. 

U/C  (ACTUAL) 

0.S61 

DIA.  Uh) 

2.18 

MAX  TIP  SPEED 

1086. 

t:»  speed 

684. 

STAGES 

2 

VOL.  FLOW 

280. 

CANWA 

I  63 

KaD  COEF 

0.636 

PRf  »S  R »t'«  , ; , (  ) 

l  .  12 

PLOW  COEF 

0.168 

pre's  ratio  rr/s) 

1  -  12 

DJ-KTFR  RATIO 

0.678 

Exit  NAO  *+*B£ R 

0.04 

ImG  >  1 

,46E*04 

SPECIFIC  SPEED 

3  7  46 

VaFT  piaster 

:o.oo 

SPEC  I  f  TC  DIaKTER 

2  OS 
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TABLE  7 


ADVANCED  ENGINE  PARAMETRIC  STUDY,  FULL-EXPANDER 
ENGINE  WITH  A  HYDROGEN  REGENERATOR 


PERFORMANCE  P4flA#CTEItS 


CHAMBER  PRESSURE  TI  *8  .  Q 

vac  engine  thrust  rsooo , 

TOTAL  e>CI^  FLOW  RATE  52.07 

DEL.  VAC.  ISP  C80 . 1 

THROAT  AREA  S.S7 

NOZZLE  AREA  RATIO  1COO.O 

NOZZLE  EXIT  DIAJC7ER  84. ?4 

ENCIK  MIXTURE  RATIO  4.0Q 

ETA  C«  0.993 

CHAMBER  COOLANT  DR  1440. 

CHAMBER  COOLANT  DT  428. 

nOZ2T_£/ chamber  Q  i  7  OSS . 


EXJIME  STATION  CONDI  ticks 


•  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

BP.  IM_£T 

18.4 

37.4 

7.45 

-107.5 

4.37 

T.R.  EXIT 

100.9 

38 .4 

7.45 

-103.2 

4.39 

PUPT  I'CET 

100.9 

SB  .4 

*.45 

-103.2 

4.39 

1ST  STAGE  EXIT 

2S92.S 

72.8 

7.45 

SI. 2 

4.45 

2ND  STA  _  EXIT 

SO  78 . 0 

105.2 

7.45 

202.8 

4.54 

PUMP  EXIT 

7S72.0 

1 35 . 3 

7.45 

351  .8 

4.44 

COLO  REGEN  IN 

7494.3 

135.9 

7.45 

351  .8 

4.43 

COLD  REGEN  EX 

7421.4 

328.4 

7.45 

1107.4 

2.82 

COOLANT  IM.ET 

7421-4 

STB  .4 

7.45 

1107.4 

2.82 

COOLANT  EXIT 

5780. 9 

954.7 

7.45 

3398.4 

0.99 

TBV  IH_ET 

5723. I 

957.1 

0.37 

3398.4 

0 . 98 

TBV  EXIT 

2S34.9 

977.9 

0.37 

3598.4 

0.44 

OZ  TRB  INLET 

5723.1 

957.1 

7.07 

33*8.4 

0.98 

02  TRB  EXIT 

S2S4.2 

939.5 

7.07 

3327.0 

0,92 

M2  TRB  IH_£T 

S2S4.2 

939.5 

7.07 

3327.0 

0.92 

M2  TRB  EXIT 

2724.4 

820.0 

7.07 

2848 . 1 

0.58 

M2  TRB  DIFFUSER 

2439. 3 

820.4 

7.07 

2848.1 

0.54 

M2  BST  TRB  IN 

2412.9 

820.4 

7.07 

2848.1 

0.54 

M2  BST  TRB  OUT 

2594. 2 

819.4 

7.07 

284J.4 

0.5S 

M2  BST  TRB  DIFF 

2585.7 

819.4 

7.07 

2843 . 4 

0.55 

02  BST  TRB  IN 

2559.8 

819.8 

7.07 

2843.4 

0.55 

02  BST  TRB  OUT 

2551.4 

819.2 

7.07 

284  1.J 

0.55 

02  BST  TRB  DIFF 

2549.4 

819.2 

7.07 

2841.1 

0.55 

M2  TAMC  PRESS 

18.4 

843.1 

0.0071 

2849.0 

0.0042 

COX  *CAT  EXOi  IN 

2534.9 

827.1 

7.44 

2849.0 

0.54 

COX  MEAT  EXCH  OUT 

2524.2 

824.8 

7.44 

2847.4 

0.54 

MOT  RCGEN  IN 

2524.2 

824.8 

7.44 

2847.4 

0.54 

K>T  RCGEN  EX 

2448.5 

414.0 

7.44 

2111.1 

r> 

* 

o 

FSOV  IK_ET 

2448.5 

414.0 

7.44 

2111.1 

0.49 

FSOV  EXIT 

2387.2 

414.3 

7.44 

2111.1 

0.47 

CHAMBER  IKJ 

2343.4 

414.5 

7.44 

2IH.I 

0.47 

CHAMBER 

2198.0 

«  OXYGEN  SYSTEM  CONDITIONS 

• 

station 

PRESS 

TEH* 

FL» 

enthalpy 

DENSITY 

B.P.  IN_£T 

14.0 

142.7 

44.7 

41.9 

70.99 

•p.  EXIT 

135.2 

145.3 

44.7 

42.3 

7*  84 

PUTT  IK.ET 

135.2 

145.3 

44.7 

42.3 

70  .84 

PUTV  EXIT 

3559.7 

179.9 

44.7 

73.4 

71.73 

02  TATRC  PRESS 

14.0 

400.0 

0.074 

204 . 7 

0.12 

OSOV  IHJET 

3524 . 1 

180.0 

<  * 

73.4 

71.47 

OSOV  EXIT 

2444.8 

184.2 

4.7 

73.4 

70.07 

OCV  IK.ET 

3524.1 

180. 0 

37.9 

73.4 

71 .47 

OCV  EXIT 

2444.8 

184.2 

37.9 

73.4 

70.07 

CHAMBER  INJ 

744: . 2 

184.3 

44.4 

73.4 

70.03 

CHAMBER 

2198.0 

•  VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLO 

X  9YPASS 

TBV 

3184. 

0.01 

0.57 

5 . 00 

FSOV 

41  . 

1  .47 

7.44 

OCV 

1057. 

0.71 

F4  .%$ 

• 

l"jCrTU* 

Data  • 

INJECTOR 

HClTa  p 

AREA 

FLCX 

FUEL 

US  . 

1  04 

7  .*4 

LOX 

744  . 

0.S1 

.  4S 
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TABLE 


-  ADVANCED  ENGINE  PARAMETRIC  STUDY,  FULL-EXPANDER 
ENGINE  WITH  A  HYDROGEN  REGENERATOR  (Continued) 


•  ;  v^by  cut*  . 


•  *C  BOOST  U*  B  I  K  •  •  H?  BOOST  • 


(F*  1C  1C**- y 

C  T/  T  ) 

0  8)4 

C^ICIEtCT 

nUCIlXT 

«  t/S) 

0  4/4 

KRSEPOK* 

SPf  fD 

(OP*  | 

4t 

veto  i*r«i 

•  Mat 

K*N  0(4 

<  (H  > 

1  4«, 

s  vao 

CF*  4»C4 

T  1*0  1 

MS 

►<*0  ( FT  ) 

U/C  (ACTUAL) 

0  545 

01*.  (INI 

AAA  T IB  VEED 

54/  . 

tip  SPCTD 

STAGES 

1 

VOL  .  FLO 

741  . 

LW«U 

1.41 

kaq  coer 

**•€15  RATIO 

C  T/T  | 

1  .01 

FLOW  COEF 

PRESS  IUT  10 

t  T  /  S  1 

101 

♦ors EFoeo 

44  . 

OUT  »w>  NUMKR 

0  OR 

SPECIFIC  VE£0 

ISO  00 

specific  0 1 a/c tep 

0.S4 

•  K2  TURBIN 

•  «  f\M9 

• 

STAGE  WC 

stage  two 

stage  Tt«ec 

CF*  IC  IOO  1  T/T  | 

0.844 

efeicioo  a. &ts 

0.47S 

ty^tctoov  (T/S) 

0.818 

KXSEPOKR  142S. 

I59R  . 

SPEED  (RPN) 

125000. 

SPEED  CRP«>  I25RRR. 

125000. 

KXSEPOC* 

4/92. 

SS  WEED  1(284. 

■CAN  0  I  A  .  (  IN) 

2.80 

S  SPEED  MR. 

714. 

CFR  *R£>  (  IM2  ) 

0.28 

KAO  (PT)  008 14 . 

74*59 . 

U/TI  (ACTUAL) 

0.442 

0 1 A .  UN)  J.80 

*44jr  TIP  VEE0 

I4J2. 

TIP  VC  CD  2IM. 

STAGES 

2 

VO..  FLOW  2SR. 

m. 

1.41 

KaD  COCF  f.V4« 

0-519 

PRESS  RATIO  (T/T) 

1.81 

FUX  CDCF  0.R8| 

PRCSS  RATIO  CT/S) 

2.01 

oiakter  ratio  i.iu 

OUT  TMO  4KATBCR 

0.  14 

REAP  IK  ix  l.RRC-%4 

specceic  veto 

SR  •  12 

S«aFT  OIA^CTER  24.ro 

specific  oiakter 

1  .44 

•  03  ROOST  TUHllK  • 

•  Q2  ROOST  PiK  m 

ff^lCIOO  (T/T) 

0.920 

EFFICIOCT 

8.801 

EF*  1C  JEXTv  (T/S) 

0  718 

KWVPOKR 

25. 

SPEED  IRPH) 

11044. 

VCED  CRP*) 

1  MH-4  . 

KAW  0(A  (  IN) 

4.11 

s  veto 

1024. 

CP*  area  (1*2  1 

4.74 

KAO  (FT) 

242. 

U/C  (ACTUAL) 

0  $45 

0 I  A .  (INI 

2.71 

TIP  veto 

215 . 

tip  vet» 

STAGES 

t 

VOL.  FLO* 

281. 

CAFR4A 

\  .41 

KAO  COEP 

0.450 

PRESS  RATIO  (T/T) 

1  .00 

FLOW  COE7 

0.200 

PRESS  RATIO  (T/S) 

1  .00 

K*tfT»0 

25 . 

OUT  Mach  mp*RC* 

0.01 

SPECIFIC  SPEED 

101.84 

SPECIFIC  OIAKTER 

0 .84 

•  off  Turn**  • 

•  02  PVRP  • 

CPFICIOCV  (T/T) 

0.888 

CFFJCIOCY 

0.  Til 

Epp  1C  lexer  (T/S) 

0.804 

HORSEPOWER 

715. 

veto  (RPN) 

7 18#) . 

SPEED  (RPR) 

K5RSEPTXR 

715. 

SS  SPEED 

2458 1  . 

KAX  0 1 A  (IN) 

2.80 

S  SPEED 

1440. 

CPF  AREA  1 1X3 ) 

0.48 

KAO  (PT) 

4872. 

8/C  1  ACTUAL) 

0  4  78 

0  1  A  .  UN) 

RA*  T|R  V€ED 

8/0. 

TIP  SPEED 

708. 

STAGES 

1 

VOL  .  FLCX 

280. 

UMU 

1  4| 

KAO  COEF 

0.442 

PRESS  RATIO  ( T/T ) 

1  09 

flow  CMP 

0.144 

PRESS  RATIO  (T/S) 

1  .  10 

DIaktCD  Ratio 

0.4/7 

OIT  **c*  NiPfRER 

0  08 

REARING  oh  1 

.  *OC ’04 

SPECIFIC  VEE0 

4S  20 

SHAFT  OIAPCTCR 

20.00 

SPECIFIC  OIAAETCR 

1  54 

RCGtKRAfo*  tur* 


c<x o  sioe 

oelp  ;<.f* 

oclt  i9?  ss 

•pea  o*o 

AW  7  *S 

(t^tct  ivekss 
*Tu 

crat 10 
CHIN 


«ot  s:ae 

75  n 


i  .*? 

7  *4 


0  Ji 
0  4* 
0  <0 
'4  4* 


rj 


4*:/  ** 


IS 


ENGINE-VEHICLE  INTERFACES 


The  identified  engine-vehicle  interfaces  are  listed  in  Table  8.  Redundant  electrical  and  data  connections  are 
suggested  for  reliability.  Each  instrumentation  cable  will  carry  multiple  channels.  The  number  of  channels  will 
be  determined  based  on  the  architecture  of  the  engine-vehicle  control  interlace. 


TABLE  8.  —  ENGINE- VEHICLE  INTERFACES 


Description 

No.  of 
Interfaces 

Gimbal  Bearing 

1 

Gimbal  Actuator 

2 

Hngine  Oxidizer  Inlet.  Liquid  Oxygen 

1 

F.ngine  Fuel  Inlet,  Liquid  Hydrogen 

1 

Fuel  Tank  Pressurant.  Gaseous  Hydrogen 

1 

Oxidizer  Tank  Pressurant.  Gaseous  Oxygen 

1 

Hlectrical  Power 

2<n 

Pneumatic 

TB»  (0  or  1 ) 

Data 

2'  i  * 

Notes: 

1  ’  Required  lor  redundancy 

The  gimbal  mount  is  the  primary  engine  attachment  to  the  vehicle  and  provides  the  capability  to  gimbal 
the  engine  through  two  gimbal  actuator  attachment  points  located  90  degrees  apart  on  the  engine.  The  engine 
is  configured  with  an  extendable  nozzle  to  reduce  engine  storage  length.  The  engine  envelope  and  mechanical 
interlaces  are  depicted  in  Figure  32.  The  engine  lengths  (x)  and  diameter  (y)  correspond  to  the  dimensions  given 
in  Appendix  A.  The  stored  length  (x’)  is  one-hall  the  total  engine  length  plus  6  to  10  inches  depending  on  engine 
thrust  and  undefined  vehicle  interlace  requirements. 

REFERENCES 


1.  Smith,  T.A.;  Pavli,  A.J.;  and  Kaeynski,  K.J.:  "A  Comparison  of  Theoretical  and 
experimental  Thrust  Performance  of  a  1030:1  Area  Ratio  Rocket  Nozzle  at  a  Chamber 
Pressure  of  350  psia."  NASA  TP-2725,  1987. 

2.  Smith,  T.A.:  "Boundary  Layer  Development  as  a  Function  of  Chamber  Pressure  in  the 
NASA  Lewis  1030:1  Area  Ratio  Rocket  Nozzle.”  NASA  TM-UX19I7.  1988. 
AIAA-88-3301. 


19 


100 


80 


Turbine 
Efliciency  -  60 

% 


40 


20 


Blades  In 
Active  Arc  of 
Admission  =  1 00 

4 


A  Full  Admission  0%  Reaction 
Impulse 


50% 

Reaclior^ 


RL10  Development  History 

o  RL10A4  (1988) 

A  RL10  A3-3  (1965) 

Q  RL10  A3-1  (1960) 


■  Axial  Partial 
Admission 
Turbines 
0%  Reaction 
Impulse 


11 


I-  1  I  Ml  II  111 


8  10  15  20  30  40  60  80100  150  200  300400  500 


Turbine  Stage  Specific  Speed.  Ns  Dimensional  =  N(Q£xiT)1,2/(HeadAd  p4;  rpm(ft3/sec)1/2/(ft)3M 

Figure  3.  Turbine  Efficiency  Comparison 


Configuration  A 

Back-to-Back  Fuel  and  Oxidizer  Turbine 


Configuration  B 

Back-to-Back  Fuel  Turbine  With  Separate  Oxidizer  Turbine 

Figure  4.  Back-to-Back  Turbine  Configurations 
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Figure  5.  Full-Expander  Cycle 
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Figure  6.  Full -Expander  Cycle  Achievable  Chamber  Fressur 
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Figure  7.  Split-Expander  Cycle 
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Figure  X.  Split-Expander  Cycle  Achievable  Chamber  Pressure 


Figure  9.  Thrust  Chamber  Wall  Temperatures  During  Throttling 


Figure  10.  Thrust  Chamber  Wall  Temperature  as  a  Function  of  High  Mixture  Ratio 
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Figure  11.  Dual-Expander  Cycle 
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Figure  12.  Dual- Expander  Cycle  Achievable  Chamber  Pressure 
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Figure  13.  Full-Expander  Cycle  With  Regeneration 
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Figure  14.  Full-Expander  Cycle  With  Regeneration  Achievable  Chamber  Pressure 
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Figure  15.  Full,  Split,  Dual,  and  Regenerator  Cycle  Comparison  With  Tubular  Thrust  Chambers 
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Figure  16.  Full,  Split,  Dual,  and  Regenerator  Cycle  Comparison  With  Milled  Channel  Thrust  Chambers 
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Figure  19.  Bell  Nozzle  Truncation  Performance  —  Length  Sensitivity  Based  on 
a  Maximum  Payload  Truncation;  Pc  =  1500,  Hj-Oj.  O/F  =  6.0 
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Figure  20.  Bell  Nozzle  Truncation  Performance  —  Weight  Sensitivity-  Based  on 
a  Maximum  Payload  Truncation;  P,  =  1500,  H2-O2,  O/F  =  6.0 
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Figure  21.  Advanced  Split-Expander  Cycle  Pc  Improvement  With  Increased  Pump  Efficiency 


Figure  22.  Advanced  Full  Expander  With  Regenerator  Cycle  P,  Improvement  With  Increased  Pump  Efficiency 
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Figure  23.  Advanced  Split-Expander  Cycle  P,  Improvement  With  Increased  Turbine  Efficiency 
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Figure  24.  Advanced  Full  Expander  With  Regenerator  Cycle  P,  Improvement  With  Increased  Turbine  Efficiency 
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Figure  25a.  Advanced  Full  Expander  Willi  Regenerator  Cycle  Pc  Improvement 
With  Increased  Turbine  Pressure  Ratio 
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Figure  25b.  Advanced  Split-Expander  With  Regenerator  Cycle  P,  Improvement 
With  Increased  Turbine  Pressure  Ratio 
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Figure  26.  Advanced  Split-Expander  Cycle  F,  Improvement  With  Increased  Bypass  Flow  Around  Jacket 
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Figure  27.  Advanced  Full  Expander  With  Regenerator  Cycle  F,  Improvement 
With  Increased  Regenerator  Effectiveness 
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Figure  28.  Advanced  Split-Expander  Cycle  Pc  Improvement  Due  to  Increased  Chamber  Heat  Transfe 


Figure  29.  Advanced  Full  Expander  With  Regenerator  Cycle  P,  Improvement 
Due  to  Increased  Chamber  Heat  Transfer 
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Figure  30.  Advanced  Split-Expander  Cycle  P,  Improvement  Due  to  Increased  Chamber  Length 
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Figure  31.  Advanced  Full  Expander  With  Regenerator  Cycle  P,  Improvement  Due  to  Increased  Chamber  Length 


SECTION  III 

THROTTLING  AND  HIGH  MIXTURE  RATIO  OPERATION 


COMPONENT  REQUIREMENTS 

The  throttling  requirements  for  the  study  were  set  at  a  minimum  throttling  capability  of  10:1  and  an  optional 
requirement  of  20:1.  The  baseline  engine  mixture  ratio  requirement  was  operation  from  5.0  to  7.0  (6.0  ±  1.0). 
An  optional  requirement  was  to  be  able  to  operate  oxidizer  rich  at  a  mixture  ratio  of  12.0.  In  many  respects, 
the  component  requirements  for  wide  range  throttling  and  high  mixture  ratio  operation  are  similar;  therefore,  the 
component  discussion  presented  here  covers  both  requirements. 

The  key  technical  issues  for  achieving  wide  range  throttling  and  high  mixture  ratio  operation  are:  (1) 
achievement  of  high  combustion  efficiency  over  a  wide  thrust  and  mixture  ratio  range  without  excessive  system 
pressure  drop  and  complexity,  (2)  the  ability  to  adequately  cool  the  thrust  chamber  over  the  wide  range  of 
conditions  required,  (3)  achievement  of  wide  range  control  without  undue  control  system  complexity,  and  (4) 
pump  flow  stability  and  avoidance  of  turbine  flow  separation  at  low  flowrates.  The  split  expander  cycle  was 
selected  as  the  baseline  cycle  for  the  throttling  and  high  mixture  ratio  operation  requirements  study.  The  full 
expander  cycle  with  a  regenerator  was  also  considered.  The  design  thrust  level  was  2(),(XH)  lbs. 

Combustion  System 

Low-frequency  combustion  instability  is  the  primary  combustion  concern  when  throttling  a  rocket  engine. 
Low-frequency  instability  generally  results  from  a  low  injector  pressure  drop  being  coupled  to  the  combustion 
process  at  low  thrust.  Three  methods  have  been  proposed  to  deal  with  this  problem:  high  injector  pressure  drop, 
dual-orifice  injection,  and  gaseous  injection. 

The  high-pressure  drop  injector  uses  a  simple,  fixed-area  injector  sized  to  produce  an  acceptable  pressure 
loss  at  the  lowest  thrust  level.  However,  at  full  thrust,  with  the  flowrate  increased  twentyfold  for  20:1  throttling, 
the  injector  pressure  drop  becomes  very  high,  resulting  in  high  pump  discharge  pressure  requirements.  The 
extra  power  required  to  meet  the  high  discharge  pressure  requirements  significantly  reduces  the  achievable  cycle 
combustion  chamber  pressure. 

The  dual-orifice  injection  concept  provides  wide  range  throttling  capability  without  requiring  high  oxidizer 
injector  pressure  drops  at  full  thrust  or  oxidizer  vaporization  for  gaseous  injection.  Separate  control  of  the  primary 
and  secondary  oxidizer  flow  provides  an  adequate  pressure  drop  through  the  primary  at  all  flow  conditions.  At 
low  thrust  all  flow  is  diverted  through  the  primary  orifices,  and,  at  intermediate  thrust,  the  primary  is  used  to 
energize  and  atomize  the  secondary  flow.  The  dual-orifice  concept  was  derived  from  gas  turbine  engine  fuel 
injection  technology  and  has  successfully  demonstrated  high  performance  over  a  wide  range  of  conditions.  Under 
Contracts  AF-()4(61 1)-9565,  -9575,  and  -11611,  the  injector  shown  in  Figure  33  demonstrated  throttling  ratios  of 
170:1  with  fluorine/hydrogen.  A  similar  concept  using  a  dual-manifold  tangential  entry  slot  oxidizer  element  was 
tested  in  the  XI.R-129  oxygen/hydrogen  preburner  (Contract  F04(6i  l)-68-C-0002)  at  pressures  over  50(H)  psia 
(Figure  34).  The  XLR-129  tangential  entry  dual-orifice  injection  concept  is  currently  being  used  in  the  preburner 
for  the  SSMF;  Alternate  Turbopump  Development  (ATD)  preburner  injectors.  Kxtensive  spray  characterization 
has  been  completed  under  the  ATD  program.  Figure  35  shows  a  single  ATD  preburner  injection  element  at  1(H) 
percent  and  10  percent  of  design  flow. 

Gaseous  oxidizer  injection  also  offers  an  effective  method  of  achieving  low-frequency  combustion  stability 
at  low-thrust  levels.  The  dual  expander  cycle  is  aimed  specifically  at  providing  gaseous  oxidizer  for  injection. 
Mixing  the  gaseous  oxidizer  with  the  gaseous  fuel  over  a  wide  range  of  operating  conditions,  however,  is  more 
difficult  than  gas-liquid  mixing,  and  lower  combustion  efficiency  is  likely  to  be  encountered  at  some  operating 
conditions. 
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A  heat  exchanger  may  be  used  with  a  fixed-area  injector  to  provide  gaseous  oxygen  at  an  acceptable  pressure 
drop  at  low  thrust  while  maintaining  reasonable  injector  pressure  losses  with  liquid  oxidizer  at  lull  thrust.  This 
concept  has  been  proposed  as  a  solution  to  low-frequency  instability  in  earlier  advanced  space  engines  (the  RJ.10 
1IB  and  the  OTV  engine),  but  these  engines  did  not  have  the  requirement  for  continuous  throttling.  An  engine 
using  a  heat  exchanger  in  conjunction  with  a  single-element  injector  would  require  a  more  complex  control 
system  to  provide  continuous  throttling  over  the  desired  20:1  range. 

Based  on  this  comparison,  a  dual-orifice  injector  was  selected  for  additional  evaluation  for  the  study  on 
the  basis  of  its  versatility  and  potentially  high  combustion  efficiency  at  full  thrust,  throttled,  and  high  mixture 
ratio  conditions. 

Thrust  Chamber  Cooling 

Rocket  engine  cooling  with  throttling  can  present  difficult  design  challenges.  If  the  entire  fuel  flow  is  used 
for  cooling,  as  thrust  level  decreases,  the  coolant  exit  temperature  increases.  The  temperature  increases  because 
with  a  fixed-geometry  thrust  chamber,  a  reduction  in  thrust  is  accompanied  by  a  proportional  decrease  in  chamber 
pressure  and  coolant  flow,  while  the  heat  flux  is  reduced  by  approximately  chamber  pressure  to  the  0.8  power. 
Under  some  conditions,  the  increasing  coolant  temperature  can  cause  the  thrust  chamber  wall  temperature  to 
increase  as  the  engine  is  throttled.  If  the  wall  temperature  at  full  thrust  is  near  the  upper  limit  (as  is  desirable  to 
minimize  coolant  pressure  drop),  the  allowable  upper  limit  at  reduced  thrust  may  be  exceeded.  The  upper  curve 
in  Figure  36  shows  a  typical  example.  Cooling  limits  can  be  partially  offset  by  reducing  combustion  length, 
use  of  higher  thrust  chamber  contraction  ratio,  use  of  overcooling  at  the  design  point,  or  bypassing  part  of  the 
flow  at  the  design  point  and  using  all  of  the  flow  at  off-design  condition.  Kach  of  these  approaches  reduces 
the  cooling  problem  at  throttled  conditions,  but  each  imparts  a  cycle  loss,  increased  thrust  chamber  weight  and 
volume,  added  control  system  complexity,  or  some  combination  of  these  design  penalties. 

The  split  expander  provides  a  means  of  avoiding  the  throttling  constraint  associated  with  most  other  cycles. 
Because  of  the  reduced  coolant  flow  at  full  thrust,  the  coolant  exit  temperature  of  the  split  expander  is  higher 
than  with  a  full-expander  cycle.  By  controlling  the  split-expander  jacket  bypass  flow  to  increase  the  percent  of 
coolant  flow,  the  coolant  exit  temperature  can  be  decreased  up  to  a  point  during  throttling.  At  some  fraction 
of  rated  power  (30  percent  in  the  case  studied),  the  jacket  bypass  valve  is  completely  closed,  and  the  cycle 
operates  like  a  full-expander  cycle.  However,  because  the  coolant  passages  for  the  split  expander  are  designed 
for  low  flowrate,  the  combustor  wall  stabilizes  at  a  lower  temperature  during  deep  throttling,  as  shown  in  the 
lower  curve  on  Figure  36. 

High  mixture  ratio  operation  is  also  enhanced  with  the  split-expander  cycle.  By  controlling  the  coolant 
jacket  bypass  flow  to  increase  the  percent  of  coolant  flow,  operation  at  higher  mixture  ratio  levels  with  lower 
combustor  wall  temperatures  is  possible.  Figure  37  shows  the  cooler  wall  temperatures  attained  with  the  split 
expander  cycle  compared  to  a  typical  cycle. 

I  ,ow  wall  temperatures  are  essential  at  high  mixture  ratio  operation  The  maximum  temperature  for  prevention 
of  copper  oxidation  is  1060  to  126()°R  without  coatings.  Use  of  coatings  could  reduce  this  limitation,  but  proven 
coatings  are  not  currently  available,  and  any  coating  will  reduce  the  overall  heat  flux  and  the  available  cycle  power. 

The  full-expander  cycle  with  regeneration  also  offers  the  potential  for  control  of  thrust  chamber  wall 
temperatures.  By  reducing  the  amount  of  regeneration,  the  thrust  chamber  coolant  temperature  is  reduced.  The 
cooling  benefit  of  reducing  the  amount  of  regeneration  is  partially  offset  by  the  higher  coolant  density  and  lower 
cooling  velocity.  Thus,  cooling  at  throttled  conditions  with  a  regenerator  in  the  cycle  is  more  difficult  than 
throttled  cooling  with  a  split-expander  cycle.  Also,  care  must  be  taken  not  to  reduce  the  amount  of  regeneration 
at  low  thrust  to  the  point  (hat  unacceptably  low  coolant  velocity  results.  Figure  38  compares  the  coolant  exit 


temperature  for  the  case  of  all  of  the  fuel  passing  through  the  regenerator  with  a  case  where  a  portion  of  the 
jacket  exit  flow  bypasses  the  regenerator.  (The  control  scheme  for  bypassing  the  regenerator  is  presented  below.) 
Without  partial  bypassing  of  the  regenerator,  the  coolant  jacket  exit  temperature  greatly  exceeds  the  allowable 
copper  wall  temperature.  With  partial  bypassing,  the  jacket  wall  temperature  is  held  within  acceptable  limits, 
as  shown  in  Figure  39. 

Wide  Range  Control 

A  conceptual  control  system  for  the  split-expander  cycle  is  shown  in  Figure  40.  The  jacket  bypass  valve 
(JBV)  is  used  to  control  the  coolant  jacket  flow  for  throttled  and  high  mixture  ratio  operation.  The  JBV  also 
contributes  to  thrust  control.  The  oxidizer  secondary  control  valve  controls  the  oxidizer  flow  split  between  the 
primary  and  secondary  injector  flow  and  provides  mixture  ratio  control  by  throttling  the  oxidizer  flow.  These 
two  valves  can  also  provide  control  of  thrust  down  to  approximately  60  percent.  For  deep  throttling,  a  lurbine 
bypass  valve  is  used  to  control  thrust  by  reducing  turbine  power. 

In  the  split-expander  cycle,  liquid  hydrogen  enters  the  engine  inlet  and  flows  through  a  single-stage  boost 
pump  and  proceeds  onto  a  three-stage  main  pump.  After  the  lirsl  stage  of  the  main  pump,  50  percent  of  the 
hydrogen  flow  is  diverted  and  routed  through  the  JBV  and  to  the  mixer.  The  remainder  of  the  hydrogen  flow  is 
sent  through  the  second  and  third  stages  of  the  pump  to  attain  the  high  pressure  required  by  the  cycle  and  is  then 
used  to  cool  the  chamber  and  nozzle.  A  small  fraction  of  the  gaseous  hydrogen  leaving  the  nozzle  coolant  exit 
is  diverted  through  the  turbine  bypass  valve  (TBV)  and  flows  into  the  mixer.  The  rest  of  the  coolant  hydrogen 
flow  first  powers  the  main  hydrogen  and  oxygen  turbines  before  being  routed  to  the  hydrogen  and  oxygen  boost 
turbines.  The  turbine  flow  is  then  used  to  provide  energy  to  the  oxidizer  tank  pressurant  through  a  heat  exchanger 
and  enters  the  mixer  to  join  the  bypass  flows.  The  combined  hydrogen  flow  then  exits  the  mixer,  flows  through 
the  fuel  shutoff  valve  (FSOV),  and  enters  the  injector  for  combustion  in  the  main  chamber.  On  the  oxidizer  side, 
liquid  oxygen  enters  the  engine  and  flows  through  a  single-stage  boost  pump  and  a  single-stage  main  pump. 
After  exiting  the  main  pump,  the  oxygen  is  split  between  the  primary  and  secondary  legs  of  the  injector,  with 
the  secondary  flow  controlled  by  the  oxidizer  flow  control  valve  (SOCV).  The  flow  routed  through  the  primary 
side  flows  through  the  primary  oxidizer  shutoff  valve  (POSV).  The  oxygen  flow  is  subsequently  injected  into 
the  main  chamber  to  combust  with  the  hydrogen. 

Figure  41  shows  a  conceptual  control  system  for  the  full-expander  cycle  with  regeneration.  Because  the 
lull-expander  cycle  has  no  bypass  flow,  thrust  control  is  achieved  entirely  by  the  turbine  bypass  valve.  The 
turbine  bypass  flow  is  routed  around  the  regenerator  heat  exchanger.  As  thrust  is  reduced,  the  amount  of  bypass 
flow  increases,  thereby  reducing  the  amount  of  regeneration. 

In  the  full-expander  cycle  with  regeneration,  liquid  hydrogen  enters  the  engine  inlet  and  (lows  through  a 
single-stage  boost  pump  and  proceeds  onto  a  three-stage  main  pump.  After  exiling  the  main  pump,  the  hydrogen 
flows  pass  through  a  regenerator  before  being  used  to  cool  the  chamber  and  nozzle.  A  small  portion  of  the 
gaseous  hydrogen  leaving  the  nozzle  coolant  exit  is  diverted  around  the  turbines  through  the  turbine  bypass 
valve  (TBV).  The  majority  of  the  hydrogen  flow  is  used  to  power  the  main  hydrogen  and  oxygen  turbines  before 
being  routed  to  the  hydrogen  and  oxygen  boost  turbines.  After  leaving  the  oxygen  boost  turbine,  the  flow  travels 
through  the  regenerator  and  mixes  with  the  flow  which  bypassed  the  turbines.  The  hydrogen  then  continues  on 
through  the  fuel  shutoff  valve  (FSOV)  and  enters  the  injector  for  combustion  in  the  main  chamber.  The  oxidi/er 
side  of  the  cycle  has  the  same  configuration  as  the  split-expander  cycle.  The  liquid  oxygen  enters  the  engine  and 
flows  through  a  single-stage  boost  pump  and  a  single-stage  main  pump.  After  exiting  the  main  pump,  the  oxygen 
flow  is  splif  between  the  primary  and  secondary  legs  of  the  injector,  with  the  secondary  flow  being  controlled 
by  the  oxidizer  flow  control  valve  (OCV).  The  flow  routed  through  the  primary  side  passes  through  the  primary 
oxidizer  shutoff  valve  (POSV)  and  is  subsequently  injected  into  the  main  chamber  to  combust  with  the  hydrogen 


Turbomachinery 

The  turbomachinery  concerns  when  throttling  a  rocket  engine  are  flow  stability  on  the  pump  side  and  flow 
separation  on  the  turbine  end.  As  the  rocket  engine  is  throttled,  propellant  flowrates  and  turbopump  speeds  both 
decrease.  The  main  pump  tends  to  come  down  an  operating  line  like  that  shown  in  Figure  42.  As  the  pump 
enters  the  low-capacity  region,  the  head  coefficient  drops  off.  and  the  pump  flow  becomes  unstable.  One  method 
of  avoiding  this  is  to  recirculate  a  percentage  of  the  flow  from  the  pump  exit  to  the  inlet;  in  effect  maintaining 
a  higher  volumetric  flow  at  the  low-thrust  levels.  However,  this  increases  the  total  enthalpy  entering  the  pump 
and  may  cause  the  pump  to  cavitate.  To  overcome  this,  the  boost  pump  can  be  operated  in  a  manner  to  produce 
a  higher  pressure  to  the  main  pump,  which  together  with  the  recirculated  flow  can  effectively  eliminate  both 
instability  and  cavitation.  In  addition  to  pump  recirculation,  several  design  features  may  be  used  to  enhance 
pump  stability  with  throttled  operation.  One  method  is  use  of  an  inducer-interstage  strut.  The  inlet  struts  serve 
to  minimize  induced  pre-swirl  during  throttled  conditions,  thereby  providing  a  steepened  headllow  characteristic 
for  improved  pump  stability.  Figure  43  shows  how  these  characteristics  increased  the  head  coefficient  in  the 
350K  and  Xl.R-129  high  pressure  fuel  turbopumps,  thereby  allowing  significant  increases  in  throttleability. 

Vaneless  pump  discharge  collectors  should  be  used  on  all  stages,  as  opposed  to  stall-prone  collectors  with 
incidence-sensitive  vane  or  pipe  diffusers.  All  stages  should  also  employ  low  discharge  blade  angles  to  steepen  the 
head-flow  characteristics  for  improved  stability.  Various  advanced  seal  configurations  may  be  used  to  minimize 
parasitic  leakages  detrimental  to  pump  stability  at  low  flowrates.  Moderate  suction  specific  speed  requirements 
have  been  selected  at  design  and  off-design  operation  to  avoid  cavitation-induced  instabilities.  Various  throttle 
aids  such  as  inlet  back-flow  collectors  can  also  be  employed. 

Turbine  flow  separation  is  primarily  a  performance  concern  rather  than  an  operational  concern.  The  throttling 
analysis  completed  under  this  study  showed  that  the  20:1  range  resulted  in  turbines  which  are  close  to  separation. 
One  advantage  that  was  demonstrated  by  the  split-expander  cycle  is  that,  since  the  turbine  is  designed  for  only 
half  the  flow  at  lull  thrust,  when  the  engine  is  throttled  down  to  5  percent  thrust,  the  turbine  has  more  flow 
separation  margin  in  it  than  the  full-expander  cycle. 

CYCLE  DATA 

The  split-expander  cycle  and  full-expander  cycle  with  regeneration  were  selected  for  more  detailed  engine 
studies.  These  studies  consisted  of  an  engine  throttling  investigation  and  a  mixture  ratio  variation  study.  The 
thrust  chamber  and  nozzle  configuration  chosen  for  both  the  split  expander  and  the  full  expander  with  regeneration 
is  shown  in  detail  in  Figure  44.  The  thrust  chamber  is  12.3  inches  long,  has  a  contraction  ratio  of  4.0.  and  is 
constructed  from  copper  tubing.  The  regenerative  nozzle  extends  out  to  an  area  ratio  of  210  to  1,  and  is  built 
from  Haynes  230  tubing.  A  composite  material  nozzle  extension  increases  the  overall  area  ratio  to  KKK)  to  I. 
The  design  point  selected  for  the  throttling  studies  for  each  cycle  is  defined  as  follows: 


Vacuum  Thrust  Level,  lb 
Inlet  Mixture  Ratio 
Chamber  Pressure,  psia 


Split  Expander 

20K 

6.0 

1612 


Full  Expander  With 
Regeneration 

20K 

6.0 

1764 


Detailed  cycle  sheets  for  the  full-thrust  design  thrust  levels  are  located  in  Appendix  B  for  each  of  the 
engine  cycles  examined. 
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Split-Expander  Cycle 


A  throttling  investigation  was  performed  on  the  split-expander  cycle,  with  cycle  points  generated  at  100.  50, 
10,  and  5  percent  of  the  design  thrust  level  while  holding  the  mixture  ratio  constant  at  6.0.  (The  throttled  cycle 
sheets  detailing  this  investigation  are  located  in  Appendix  C.)  During  engine  throttling  in  the  split -expander  cycle, 
the  JBV,  which  was  previously  shown  in  Figure  40,  is  used  to  increase  the  percent  of  hydrogen  How  available  to 
cool  the  thrust  chamber/nozzle  assembly.  This  increased  coolant  How  lowers  the  coolant  exit  temperature  with 
thrust  level,  as  shown  in  Figure  45,  while  the  JBV  area  decreases  according  to  the  schedule  shown  in  Figure 
46.  At  10  percent  thrust  the  JBV  is  completely  closed,  and  the  cycle  reverts  to  a  full  expander  with  all  of  the 
hydrogen  tlow  being  used  to  cool  the  thrust  chamber.  As  a  result,  the  coolant  exit  temperature  below  10  percent 
thrust  increases.  The  TBV  opens  (Figure  47)  as  thrust  level  decreases,  allowing  a  greater  percentage  of  the 
coolant  (low  to  bypass  the  turbine  and  causing  system  pressures  and  pump  speeds  to  drop. 

A  major  concern  during  deep  throttling  is  low  frequency  combustion  instability  resulting  from  low  oxidizer 
injector  pressure  drops  (<  5$  A1VI\).  Dual-orilice  injection  allows  the  effective  injection  area  to  be  varied  with 
thrust  level,  giving  an  acceptable  average  injector  pressure  loss  both  at  low  thrust  and  full  thrust,  as  shown  in 
Figure  4X.  The  oxygen  is  injected  using  tangential  swirl  elements  to  promote  momentum  exchange  between  the 
primary  and  secondary  streams  and  the  net  injection  velocity  is  sufficient  for  good  atomization  and  efficiency. 

A  mixture  ratio  sensitivity  study  was  done  on  the  split  expander  cycle  for  mixture  ratios  of  5  to  7  and  12  at 
the  20  klb  thrust  design  level.  The  cycles  generated  for  this  study  are  given  in  Appendix  I).  A  plot  of  chamber 
pressure  and  chamber/nozzle  heat  transfer  versus  mixture  ratio  is  shown  in  Figure  49  for  the  5  to  7  range. 

Below  the  O/F  of  6.0  level  chamber  pressure  is  lower  than  the  design  point  chamber  pressure,  which  can  be 
attributed  to  the  reduced  heat  flux  caused  by  the  lower  combustion  temperature  and  increased  power  requirements 
to  accommodate  the  higher  fuel  flows.  The  reduced  heal  flux  limits  the  available  cycle  power  bv  decreasing  the 
turbine  inlet  temperature.  The  TBV  is  closed  to  maintain  chamber  pressure.  When  the  5  percent  margin  designed 
into  the  cycle  reaches  0  as  the  O/F  is  lowered,  chamber  pressure  and,  subsequently,  thrust  decline.  Conversely, 
above  an  O/F  of  6.0,  there  is  a  surplus  of  energy  available  to  the  turbine,  and  chamber  pressure  and  thrust  can 
be  maintained  by  opening  the  TBV.  On  the  other  side  of  stochiometric,  at  a  mixture  ratio  of  12.0,  the  heal 
flux  in  the  chamber  is  again  below  the  design  level  so  that  the  maximum  chamber  pressure  is  limited  to  12.60 
psia.  The  inlet  fuel  flow  is  nearly  50  percent  of  design,  so  the  JBV  is  closed,  making  all  of  the  fuel  available 
for  use  as  a  coolant  and  turbine  flow.  With  the  increased  mixture  ratio,  the  horsepower  split  between  the  fuel 
and  oxidizer  turbopumps  changes  and  the  fuel  side  is  overpowered  by  the  flow  required  by  the  oxidizer  turbine. 
To  compensate  for  this,  the  fuel  shutoff  valve  (FSV)  is  throttled  to  create  a  higher  line  loss  downstream  of  the 
turbines  and  to  load  the  fuel  system.  The  FSV  must  close  to  approximately  36  percent  of  its  design  flow  area. 

Full-Expander  Cycle  With  Regenerator 

A  throttling  study  was  also  conducted  for  the  full-expander  cycle  with  regeneration.  The  throttled  cycles 
generated  were  at  50,  10,  and  5  percent  of  the  20,000  lbs  design  thrust  at  a  mixture  ratio  of  6.0.  Detailed  cycle 
sheets  for  these  throttled  points  are  contained  in  Appendix  C. 

Unlike  the  split-expander  cycle,  the  coolant  flow  cannot  be  controlled  during  throttling  and.  with  the  chamber 
designed  for  full  coolant  flow,  the  coolant  exit  temperature  rises  during  engine  throttling,  as  shown  in  Figure  50. 
At  the  5  percent  thrust  level,  the  turbine  inlet  temperature  is  above  1200°K.  The  TBV  opens  during  throttling 
(Figure  5 1 ),  bypassing  a  greater  percentage  of  the  hydrogen  flow  around  the  turbine,  dropping  pump  speeds  and 
system  pressures.  Since  the  energy  for  the  hot  side  of  the  regenerator  is  supplied  by  the  turbine  discharge  flow  ,  as 
thrust  decreases,  the  lower  flowrate  results  in  a  relatively  small  increase  in  coolant  inlet  temperature  (Figure  52) 
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As  with  (he  split-expander  cycle,  a  major  concern  during  deep  throttling  is  low-frequency  combustion 
instability  resulting  from  low  oxidizer  injector  pressure  drops  (<  5'/  AIV1\).  To  maintain  the  required  pressure 
loss  without  having  to  vaporize  the  oxygen,  the  dual-oriliee  injector  concept  was  used  in  the  full-expander  cycle 
studies.  The  dual-oriliee  injector  allows  the  effective  injection  area  to  he  varied  with  thrust  level,  giving  an 
acceptable  average  injector  pressure  loss  both  at  low  thrust  and  full  thrust,  as  shown  in  f  igure  53.  The  oxygen  is 
injected  utilizing  tangential  swirl  elements  to  promote  momentum  exchange  between  the  primary  and  secondary 
streams,  and  the  net  injection  velocity  is  sufficient  for  good  atomization  and  efficiency. 

Using  the  20  klb  thrust  level  as  the  design  point,  a  mixture  ratio  sensitivity  study  was  conducted  with  the 
lull-expander  cycle  with  regeneration.  The  specific  O/Fs  studied  were  from  5  to  7  and  12.0.  Detailed  cycle 
sheets  for  these  operating  points  are  contained  in  Appendix  1).  A  plot  of  chamber  pressure  and  chamber/nozzle 
heat  transfer  versus  mixture  ratio  is  shown  in  Figure  54.  The  characteristics  display  the  same  trends  for  the 
lull-expander  cycle  with  regeneration  as  those  seen  with  the  split  expander  cycle.  At  the  lower  O/F  levels,  the 
cycle  runs  out  of  power  and  chamber  pressure  falls  off.  The  coolant  and  turbine  (low  for  the  full-expander  cycle 
with  regeneration,  operating  at  high  mixture  ratio,  is  much  lower  than  the  design  value:  consequently,  turbopump 
performance  suffers  and  the  achievable  chamber  pressure  is  lower.  At  the  mixture  ratio  of  12.0,  the  chamber 
pressure  drops  to  1 160  psia.  As  with  the  split-expander  cycle,  the  HSV  must  be  throttled  to  load  the  fuel  system. 
The  valve  is  closed  to  under  It)  percent  of  its  design  value.  The  selected  control  system  with  partial  regenerator 
bypass,  as  was  previously  shown  in  Figure  41.  provides  lower  coolant  exit  temperature  than  achievable  without 
turbine  bypass,  but  temperatures  are  still  above  current  acceptable  limits  for  copper  thrust  chambers.  Hither 
improved  materials,  or  a  more  complex  control  system  that  provides  complete  regenerator  bypass,  would  be 
required  to  achieve  operation  at  a  mixture  ratio  of  12.0.  Hither  approach  would  be  expected  to  reduce  achievable 
chamber  pressure  over  some  portion  of  the  mixture  ratio  range. 


Figure  33.  Coaxial  Dual  Area  Orifice  Injector 
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Entrance 


Figure  34.  XLK-129  Demonstrator  Engine  Prebumer  Injector  Willi  Dual  Tangential  Entry  Injection 
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Figure  35.  Tangential  Entry  Dual-Orijhe  Injection 
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Figure  36.  Maximum  Thrust  Chamber  Wall  Temperature  With  Throttling  for  a 
Typical  Cycle  and  for  the  Split-Expander  Cycle 


Maximum 
Chamber 
Hot  Wall 
Temperature  - 
°R 


Figure  37.  Comparison  of  Thrust  Chamber  Wall  Temperature  Versus  Mixture 
Ratio  for  Typical  and  Split-Expander  Cycles 


Figure  JX.  Coolant  Exit  Temperature  Versus  Percent  Thrust  for  the  Full-Expander  Cycle  With  Regeneration 
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Figure  .19.  Jacket  Wall  Temperature  Versus  Percent  Thrust  for  the  Full-Expander  Cycle  With  Regeneration 
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Figure  40.  Space  Engine  Control  Schematic  —  Split-Expander  Cycle 
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Figure  42. 
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Figure  44.  Thrust  Chamber  and  Nozzle  Cooling  Configuration  for  the  Full-Expansion 
Cycle  With  Regeneration  and  the  Split-Expander  Cycle 


Figure  45.  Split-Expander  Cycle  Throttling,  Coolant  Exit  Temperature  Versus  Percent  Thrust 
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Figure  46.  Split-Expander  Cycle  Throttling,  JBV  Control  Valve  Area  Versus  Percent  Thrust 
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Figure  47.  Split-Expander  Cycle  Throttling.  TBV  Control  Valve  Area  Versus  Percent  Thrust 
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Figure  50.  Full  Expander  With  Regenerator,  Coolant  Exit  Temperature  Versus  Percent  Thrust 
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Figure  51.  Full  Expander  Willi  Regenerator,  TIW  Control  Valve  Area  Versus  Percent  Thrust 
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Figure  52.  Full  Expander  With  Regenerator,  Coolant  Inlet  Temperature  Versus  Percent  Thrust 
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Figure  53.  Full  Expander  With  Regenerator,  Ratio  of  &P  Across  Injector  to  Pc  Versus  Percent  Thrust 
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Figure  54.  Full-Expander  Cycle  With  Regenerator,  Chamber  Pressure  and 
Chamber/Nozzle  Hear  Transfer  Versus  Mixture  Ratio 
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SECTION  IV 
RECOMMENDATIONS 


Based  upon  ihe  results  of  this  study  and  related  ongoing  space  engine  studies  at  Pratt  &  Whitney,  the 
following  recommendations  are  offered: 

1.  Steps  should  be  taken  to  investigate  the  key  technology  issues  associated  with  design  and 
fabrication  of  copper  tubular  thrust  chambers.  These  issues  include:  (a)  determination  of  the 
heat  transfer  enhancement  associated  with  tubular  chambers  compared  to  smooth  wall  chambers, 

(b)  determination  of  cyclic  structural  life  increases  associated  with  copper  tubes  over  milled 
channel  construction,  and  (c)  investigation  of  copper  tube  chamber  fabrication  techniques  to  take 
full  advantage  of  the  total  heat  transfer  and  life  advantages  of  copper  tubular  chambers. 

2.  The  study  should  be  expanded  to  investigate  optimum  cycles  and  design  approaches  for  expander 
cycle  engines  in  the  50  to  2(X)klbf  thrust  range. 

3.  Interface  definition  should  be  expanded  in  conjunction  with  system  requirement  definitions  from 
vehicle  contractors. 

4.  Performance  and  envelope  data  should  be  updated  as  performance  and  technology  levels  become 
better  defined  from  such  sources  as  the  NASA-LeRC  high  area  ratio  performance  investigations 
and  focused  technology  programs. 
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APPENDIX  A 
PARAMETRIC  DATA 

Parametric  data  are  presented  in  Figures  55  through  107. 
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Figure  55.  Iuae  Versus  Vacuum  Thrust  for  Chamber  Pressure  --  1000  psia 


Figure  .56.  Iuac  Versus  Vacuum  Thrust  for  Chamber  Pressure  =  1500  psia 
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Figure  57.  lvac  Versus  Vacuum  Thrust  for  Chamber  Pressure  *  2000  psia 
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Figure  ,\V  Vacuum  Specific  Impulse  Versus  Length  for  Chamber  Pressure  -  1000  psia 
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Figure  59.  Vacuum  Specific  Impulse  Versus  Length  for  Chamber  Pressure  =  1500  psia 


f  igure  60.  Vacuum  Specific  Impulse  Versus  Length  for  Chamber  Pressure  -  2000  psia 


Figure  61.  Vacuum  Specific  Impulse  Versus  Diameter  for  Chamber  Pressure  =  1000  psia 
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Figure  62.  Vacuum  Specific  Impulse  Versus  Exhaust  Nozzle  Exit  Diameter  for  Chamber 
Pressure  -  1500  psia 


Figure  63.  Vacuum  Specific  Impulse  Versus  Exhaust  Nozzle  Exit  Diameter  for  Chamber 
Pressure  -  2000  psia 
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Fij,ure  (55  Exhaust  Nozzle  Exit  Diameter  Versus  Thrust  for  Chamber  Pressure  -  1500 
psia 


Figure  66.  Exhaust  Nozzle  Exit  Diameter  Versus  Thrust  for  Chamber  Pressure 
psia 
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Figure  67.  Exhaust  Nozzle  Exit  Diameter  Versus  Area  Ratio  for  Chamber  Pressure 
1000  psia 
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Exhaust  Nozzle  Exit  Diameter  Versus  Area  Ratio  for  Chamber  Pressure 
1500  psia 


Chamber  Pressure  =  1000  psia 
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I  i^inv  71  Engine  Length  Versus  Thrust  for  Chamber  Pressure  =  1500  psia 
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Li  gun  72  Engine  Length  Versus  Thrust  for  Chamber  Pressure  -  2000  psia 
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figure  7.1.  Engine  Length  Versus  Area  Ratio  for  Chamber  Pressure  =  WOO  psia 


Engine  length  Versus  Area  Ratio  for  Chamber  Pressure  =  1500  psia 


Figure  75.  Engine  Length  Versus  Area  Ratio  for  Chamber  Pressure  -  2000  psia 


Filin'  70.  Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  -  1000  psia 


Figure  77.  Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  =  1250  psia 


Fillin'  7h.  Parametric  Engine  Dry  Weight  Data  [or  Chamber  Pressure  =  1500  psia 


Figure  St).  Parametric  Engine  Dry  Weight  Data  for  Vacuum  Thrust  =  15,000  pounds 


Fi^urt'  ,HI.  Parametric  Engine  Dry  Weight  Data  for  Vacuum  Thrust  =  25,000  pounds 


Finnic  32.  Parametric  Engine  Dry  Weight  Data  for  Vacuum  Thrust  =  37,500  pounds 
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Figiin  A.  A  Parametric  Engine  Dry  Weight  Data  for  Vacuum  Thrust  -  50,000  pounds 
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Figure  H5.  Parametric  Engine  Dry  Weight  Data  for  Area  Ratio  =  600 


Figure  SC).  Parametric  Engine  Dry  Weight  Data  for  Area  Ratio  =*  800 
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Figure  <H7.  Parametric  Engine  Dry  Weight  Data  for  Area  Ratio  =  1000 


Figure  ,X,X.  Parametric  Engine  Dry  Weight  Data  for  Area  Ratio  =  1200 
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Figure  H9.  Parametric  Engine  Dry  Weight  Data  for  Thrust  -  7500  lb 


Fillin'  90.  Parametric  Engine  Dry  Weight  Data  for  Thrust  «  15,000  lh 
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Figure  91.  Parametric  Engine  Dry  Weight  Data  for  Thrust  =  25,000  lb 
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gitre  Vi.  Parametric  Eng  ne  Dry  Weight  Data  for  Thrust  =  50,000  lb 
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Figure  Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  =  1250  psia 
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Figure  97.  Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  =  1000  psia 


Figure  ‘>,S  [Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  -  1250  psia 


Full  -  Regenerator  Cycle 


Figure  99.  Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  -  1500  psia 


Figure  JOJ.  Parametric  Engine  Dry  Weight  Data  for  Chamber  Pressure  «  1250  psia 
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Figure  1 02.  Parametric  Engine  Dry  Weight  Data  (or  Chamber  Pressure  =  1500  psia 


Figure  103.  Parametric  Engine  Dry  Weight  Data  for  Area  Ratio  —  210 
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hif’iire  106.  Parametric  Engine  Dry  Weight  Data  for  Area  Ratio  =  1000 
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APPENDIX  B 
FULL-THRUST  CYCLES 


Full-tlirust  cycle  data  are  presented  in  Tables  9  through  4K. 


TABLE  9.  —  FULL-EXPANDER  ENGINE  -  7500  LBF  THRUST  (COPPER  TUBE 

CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSlPE 

1862.5 

vac  Engine  thrust 

7500. 

total  engine  flcn  rate 

IS.  62 

DEL.  VAC.  ISP 

A90. 1 

THROAT  AREA 

1.97 

NOZZLE  AREA  RATIO 

1009.0 

NOZZLE  EXIT  D! AJCTER 

SO. 10 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C» 

0.993 

CHAMBER  COOLANT  cp 

791 . 

CHAMBER  COOLANT  CT 

785. 

NOZZLE /CHAMBER  0 

6S71. 

ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEM» 

FLON 

ENTHALPY 

DENSITY 

B.P.  INLET 

IB. 6 

37.4 

2.23 

-107.  S 

4.37 

B.P.  EXIT 

100.4 

38. S 

2.23 

-103.0 

4.39 

“UMP  inlet 

100.4 

38.  S 

2-23 

-103.0 

4.39 

1ST  STAGE  EXIT 

1B96.8 

69.3 

2.23 

24.6 

4.27 

2ND  STAGE  EXIT 

3618. S 

97.8 

2.23 

146.9 

4.25 

PUMP  EXIT 

5287.4 

124.3 

2.23 

264.1 

4.28 

COOLANT  INLET 

S234.8 

124.7 

2.23 

264.1 

4.26 

COOLANT  EXIT 

4443.6 

999.5 

2.23 

32 OS.  3 

0.82 

TBV  INLET 

4399.1 

•99.8 

0.11 

320S .  3 

0.81 

TBV  EXIT 

2084.4 

92S.6 

0.11 

320S.3 

0.40 

02  TRB  INLET 

4399. 1 

909.8 

2.1? 

320S.3 

0.81 

02  TRB  EXIT 

4003.3 

893.6 

2.12 

3138.4 

0.76 

►C  trb  INLET 

4003.3 

893.6 

2.12 

3138.4 

0.76 

M2  TRB  tXIT 

2209.2 

746.1 

2.12 

2751.9 

0.49 

M2  TRB  DIFFUSER 

2182.0 

7M.5 

2.12 

2751. 9 

0.48 

M2  BST  TRB  IN 

2160.2 

746.3 

2.12 

2751. 9 

0.48 

M2  BST  TRB  OUT 

2141.2 

74S.2 

2.12 

2747.1 

0.48 

M2  BST  TRB  DIFF 

2126.1 

79S.3 

2.12 

2747.1 

0.47 

02  BST  TRB  IN 

2104.9 

74S.4 

2.12 

2747.1 

0.47 

02  BST  TRB  OUT 

2096.3 

794.8 

2.12 

2744.6 

0.47 

02  BST  TRB  DIFF 

2094.8 

794.8 

2.12 

2744.6 

0.47 

M2  TANK  PRESS 

18.6 

814.2 

0 . 0022 

2767.6 

0.0043 

GOX  MEAT  EXCM  IN 

2084.4 

801.4 

2.23 

2767.6 

0.46 

GOX  MEAT  EXCM  OUT 

2073.9 

801.0 

2.23 

2766.2 

0.46 

FSOV  INLET 

2v73 . 9 

801  .0 

2.23 

2766.2 

0.46 

FSOV  EXIT 

2022. 1 

801  .4 

2.23 

2766.2 

0.45 

CHAMBER  IMJ 

2001.8 

80|  .5 

2.23 

2766.2 

0.44 

CHAMBER 

1862. S 

■  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TW 

FLON 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

13.4 

61.1 

71.17 

B.P.  EXIT 

135.6 

163.2 

13.4 

61.5 

71 .20 

Pump  j*.et 

135.6 

163.2 

13.4 

61.5 

71.20 

pump  exit 

3016.3 

178.2 

13.4 

72.1 

71  .52 

02  TANK  PRESS 

16.0 

409.0 

0.023 

204.7 

0.12 

ocv  inlet 

2986. 2 

178.3 

13.4 

72.1 

71 .47 

OCV  EXIT 

2090.3 

181.8 

15.6 

72.) 

70 . 08 

chamber  inj 

CHAMBER 

2048.7 

I86Z.5 

is:. o 

13.4 

72.  ’ 

70.02 

valve 

DELTA  P 

■  VALVE  DATA  ■ 

AREA  FLON 

X  BYPASS 

TBV 

2315. 

0.01  0.11 

5.00 

FSOV 

52. 

0.67  2.23 

ocv 

896. 

0.08  13.39 

INJECTOR 

DELTA  P 

INJECTOR 

AREA 

Data  • 

FLON 

VELOCITY 

FUEL 

139. 

0.47 

2.23 

1564.64 

LOX 

207. 

0.18 

13.39 

156.98 

TABLE  9.  —  FULL-EXPANDER  ENGINE  —  7500  LBE  THRUST  (COPPER  TUBE 

CHAMBER)  (CONTINUED) 


•  >i«bokachi>cbv  performance  t »ta  • 


•  H2  BOOST  TUROjlC  • 

•  H?  BOOST 

Fl)B  ■ 

EFFICIENCY  |T/Y) 

0.4*7 

EFFICIENCY 

0.7*4 

EFFICIENCY  IT/51 

#•553 

MORStPOCR 

1*. 

SPEED  (1P*1 

75525- 

SPEED  (RPN) 

75325. 

♦Cam  DIA  ( IN) 

0.12 

s  speed 

5  OAT. 

EFF  AREA  C  IK?  ) 

1  .05 

HEAD  IF7 ) 

2*kB . 

U/C  I ACTUAL) 

051) 

DIA.  Oh) 

1.35 

NAx  T  IF  SPEED 

1*0. 

TIP  SPEED 

*  JB . 

stages 

I 

VO-.  FT.  OH 

220. 

C-a>*<A 

1 .50 

►CAD  CXCF 

0.450 

PRESS  RATIO  |T/TJ 

1  .01 

FT.  ON  COEF 

0.201 

F«ESS  RATIO  (T/S) 

1 . 02 

HORSEPOWER 

l*. 

EXIT  MACH  NUMBER 

0.10 

SPECIFIC  SPEED 

1*5.0S 

SPECIFIC  DIA»CTER 

o.so 

•  H2  TURBINE  • 

•  K2  PU* 

STAGE  ONE 

STAGE  TNO 

STAGE  7>«£X 

EFFICIENCY 

(T/T  I 

o.aoi 

EFFICIENCY 

0.405 

0.412 

0.417 

EFFICIENCY 

(7/S7 

0.701 

HOftSCFOC* 

404. 

5B4. 

371. 

SPEED 

(RPN) 

117500. 

SPEED  (RPN> 

1075  0  0. 

10  7500 . 

117500. 

HORSE  PONE* 

1141. 

SS  SPEED 

*352  - 

MEAN  D1A. 

(IN) 

1.42 

S  SPEED 

74*. 

741. 

715. 

£FF  AREA 

(  IK2) 

0.11 

►CAD  (FT! 

40127. 

51234. 

54324 . 

U/C  (ACTUAL  7 

0.521 

DIA.  (IM) 

2.35 

2.55 

2.35 

MAX  TIP  SPEED 

1*54. 

TIP  SPEED 

1*25. 

1*24. 

1*25. 

STAGES 

5 

VOL .  FI  ON 

255. 

23*. 

234. 

GAWNA 

1.51 

PE  AH  COEF 

0.522 

0.504 

0-40* 

PRESS  RATIO 

It/TI 

1.11 

FT.  ON  COEF* 

0.0*5 

PRESS  RATTO 

(T/SI 

1.04 

DIAPCTER  RATIO 

0.3)5 

EXIT  HACm  NUOCR 

O.U 

■EM  IMG  ON 

3 . 00C ••* 

SPECIFIC  SPEED 

S5.ll 

SHAP7  DIAICTD* 

14.00 

SPECIFIC  DIVCTER 

1.1* 

•  02  MOST  TUT 01  ME  • 

•  02  BOOST 

PU*  • 

EFFICIENCY  (T/T ) 

0.104 

EFFICIE5CY 

0.744 

EFFICIENCY  IT/5) 

0.455 

HORSEPOCR 

1. 

SPEED  IRPN) 

20114. 

SPEED  IBP**) 

20114. 

MEAN  DIA  DM) 

2.25 

S  SPEED 

5024. 

EFF  AREA  (1*2) 

1  .54 

►CAD  (FT) 

242. 

U/C  (ACTUAL  1 

0.553 

DU.  UN) 

1.4* 

MAX  TIP  SPEED 

2SB. 

TIP  SPEED 

112. 

STAGES 

1 

VOL.  FVOM 

•5. 

GANNA 

1  -3* 

►CAD  COEF 

0.450 

PRESS  RATIO  (T/T ) 

1.00 

FUJN  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

MORSEPOnED 

1. 

EMIT  MACH  NUMBER 

0.03 

SPECIFIC  SPEED 

101 .47 

SPECIFIC  DIA7CTER 

0.01 

•  02  rutii*c  • 

•  02  FllP 

>• 

• 

EFFICIENCY 

(T/T) 

0.103 

EFFICIENCY 

0.703 

EFFICIENCY 

(T/S) 

0.753 

►OTSEPCOCR 

201. 

SPEED 

CRPM) 

150452. 

SPEED  l«P»> 

>50452. 

MOASEPOkC* 

201. 

SS  SPEED 

25411. 

MEAN  DIA 

(IM) 

1 .42 

S  SPEED 

1104. 

EFF  AREA 

(IM2) 

0.  )• 

►CAD  I  FT  ) 

575*. 

U/C  I  actual  I 

0.503 

DIA.  (IN) 

1.11 

MAX  TIP  SPEED 

***. 

TIP  SPEED 

475- 

STAGES 

1 

WL.  FLON 

14. 

GANNA 

1 .31 

►CAD  OOEF 

0.411 

PRESS  RATIO 

(T/T| 

1  .  JO 

FION  COEF 

0.154 

PRESS  RATIO 

(T/SI 

1.11 

DIAMETER  ratio 

0.47* 

EXIT  MACH  MUOCR 

0.0* 

NTARtMC  ON 

1  57E»#4 

SPECIFIC  SPEED 

41.45 

SNAFT  DIAFCTE* 

12.00 

SPECIFIC  DIAMETER 

1.40 

m 


TABLE  10.  -  FULL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


Chamber  pressure 

1694 .5 

VAC  ENGINE  THRUST 

15000. 

total  engine  flow  rate 

31.25 

DEL.  VAC.  ISP 

<80.0 

THIOAT  AREA 

< .  32 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

7<  .21 

ENGI^C  MIXTURE  RATIO 

6.00 

ETA  c« 

0.993 

CHAMBER  COOLANT  DP 

579. 

CHAMBER  COOLANT  DT 

599. 

NOZZLE /CHAMBER  Q 

1 0185. 

ENGINE  STATIC*  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

enthalpy 

DENSITY 

B.P.  INLET 

18.6 

37.4 

4.47 

-107.5 

4.37 

8.P.  EXIT 

100.6 

38.5 

4.47 

-103.0 

4.39 

PUMP  INLET 

100.6 

38.5 

4.47 

-103.0 

4.39 

1ST  STAGE  EXIT 

1043.1 

«.? 

4.47 

10.4 

4.38 

2ND  STAGE  EXIT 

3554.9 

89.5 

4.47 

121.3 

4.40 

PUH»  EXIT 

5250.8 

113.0 

4.47 

229.5 

4.46 

COOLANT  INLET 

5198.3 

IIS. 5 

4.47 

229.5 

4.44 

COOLANT  EXIT 

<619.0 

712.1 

4.47 

2508.0 

1.06 

TBV  IH_ET 

<572.8 

712.4 

0.22 

2508.0 

1.05 

TBV  EXIT 

1B9B.6 

729.1 

0.22 

25  08.0 

0.46 

02  TRB  INLET 

<572.8 

712.4 

4.25 

2508.0 

1.05 

02  TRB  EXIT 

<123.2 

698.9 

4.25 

2449.6 

0.98 

H2  TRB  INLET 

<123.2 

698.9 

4.25 

2449.6 

0.98 

H2  TRB  EXIT 

2024.9 

413.0 

4.25 

2099.5 

0.58 

H2  TRB  DIFFUSER 

1993.6 

613.2 

4.25 

2099.5 

0.57 

N2  BST  TRB  IN 

1973.7 

413.2 

4.25 

2099.5 

0.57 

K2  BST  TRB  OUT 

1952.9 

412.1 

4. 25 

2094.0 

0.56 

K?  BST  TRB  DIFF 

1938.9 

612.2 

4.25 

2094.8 

0.56 

02  BST  TRB  IN 

1919.5 

612.3 

4.25 

2094.8 

0.55 

02  BST  TRB  OUT 

1909.6 

411.6 

4.25 

2092.2 

0.55 

02  BST  TRB  DIFF 

1908.1 

411.6 

4.25 

2092.2 

0.55 

M2  TANK  PRESS 

10.6 

627.2 

0.0058 

2113.0 

0.0057 

GOX  ►CAT  EXCH  IN 

1898.6 

417.5 

4.46 

2113.0 

0.54 

GOX  >CAT  EXCH  OUT 

1889.1 

417. 1 

4.46 

2111.6 

0.54 

FSOV  INLET 

1889 . 1 

417.1 

4.46 

2111.6 

0.54 

FSOV  EXIT 

18<1 .8 

617.4 

4.46 

2111.6 

0.53 

CHAMBER  INJ 

1823.3 

617.5 

4.46 

2111. 6 

0.52 

CHAMBER 

1694. S 

•  OXYGEN  SYSTEM 

CONDITIONS 

» 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P .  1H.ET 

16.0 

162.7 

26.8 

61.1 

71.17 

B.P.  EXIT 

135.6 

163.2 

26.8 

41. 5 

71.20 

PtPC  INLET 

135.6 

163.2 

26.8 

61.5 

71.20 

PUMP  EXIT 

2747.5 

175.9 

26.8 

70.7 

71.63 

02  TA>*  PRESS 

16.0 

400.0 

0.045 

204.7 

0.12 

OCV  INLET 

2720.0 

1~6.0 

26.8 

70.7 

71  .59 

OCV  EXIT 

1904.0 

179.1 

26.8 

70  7 

70.32 

CHAMBER  INJ 

'.866.1 

179.3 

26.8 

; / 

70.24 

CHAMBER 

1696.5 

VALVE 

DELTA  P 

•  VALVE  DATA 

AREA 

FLO* 

TBV 

2474. 

0.01 

0.2.s 

FSOV 

47. 

1.30 

4.44 

OCV 

816. 

0.17 

24. 78 

INJECTOR 

DELTA  P 

INJECTOR 

AREA 

DATA  ■ 

FLOW 

VELOCITY 

FUEL 

127. 

0.90 

4.46 

1 398.24 

LOX 

188  . 

0.37 

26. 78 

149.54 

1  14 


TABLE  10.  -  FULL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


■  TURBOHACHINCRY  PERFORMANCE  DATA  • 


•  K2  BOOST  TIRB1»C  ■ 

•  M2  BOOST 

PtBC  ■ 

EFFICIENCY  (TAT  J 

0.7*4 

EFFICIENCY 

1.7*4 

EFFICIENCY  (T/S) 

0.5*1 

HORSEPOCR 

2*. 

S PEED  (RPIII 

sssoo. 

SPEED  (RPM) 

S55BB. 

MEAN  DIA  (IN) 

1.1* 

S  SPEED 

3  MB. 

EFF  AREA  (IM2) 

I. to 

HEAD  (FT J 

2**5. 

U/C  (ACTUAL) 

o.sso 

OIA.  (IN) 

1 .1* 

MAX  TIP  SPEED 

5*0. 

TIP  SPEED 

*5*. 

stages 

1 

VOL.  FUXi 

AST. 

UNM 

».*s 

ncad  axr 

0.4SR 

PRESS  RATIO  (TAT) 

I. 01 

FLON  COEF 

B.2BI 

PRESS  RATIO  (T/S) 

1.02 

MCRSEPOCR 

2*. 

EXIT  MAC*  >AJH»EX 

0.10 

SPECIFIC  SPEED 

1*B. 1* 

SPECIFIC  DlANCTER 

o.u 

■  K2  TURBIN*  • 

■  M2  Pl»* 

■ 

• 

stage  one 

STAGE  TWO  STAGE  THREE 

EFFICIENCY  (TAT) 

0. 7*B 

EFFICIENCY 

0.449 

0.4SI 

1.153 

EFFICIENCY  (T/S) 

0.77* 

HORSEPOWER 

717. 

701. 

*85. 

SPEED  (RPNI 

15*5*5. 

SPEED  (RPN) 

15*5*5. 

15*5*5. 

11*5*5. 

HORSEPOCR 

2105. 

SS  SPEED 

♦SO  7. 

NON  DIA.  (IN) 

2.JJ 

S  SPEED 

71*. 

7*7. 

BBS. 

EFF  AREA  (IK2) 

0.1* 

MEAD  (FT) 

S727B. 

5*200. 

55025. 

u/c  (ACTUAL) 

0.4*9 

DIA.  (IN) 

5.12 

5.12 

1. 12 

N4AX  TIP  SPEED 

I4BI. 

TIP  SPEED 

IBS*. 

JOS*. 

IBS*. 

STALES 

2 

VOL.  FLCN 

4SB. 

45*. 

450. 

CANR4A 

1 .45 

NCAD  COE? 

B.S5S 

0.S25 

0.512 

PRESS  RATIO  CT/T) 

2.05 

flon  axr 

0.09* 

PRESS  RATIO  IT/S) 

2. 0B 

DlANCTER  RATIO 

B.5SI 

EXIT  MACH  HCMBER 

o.  IS 

bearing  O* 

S.OOE'O* 

SPECIFIC  SPEED 

59. S* 

SHAFT  DlANCTER 

22.00 

SPECIFIC  DlANCTER 

).*« 

•  02  BOOST  TURBIN*  • 

•  02  BOOST 

PO*  • 

EFFICIENCY  (T/T) 

B.R24 

EFFICIENCY 

1.7*4 

EFFICIENCY  (T/S) 

B.4B7 

HORSCPOHER 

15. 

SPEED  (RPH) 

14272. 

SPEED  (RPN) 

14272. 

NCAA#  DIA  ON) 

1.  IB 

S  SPEED 

5*2*. 

EFF  AREA  (INC) 

2. *4 

NCAD  (FT) 

242. 

U/C  (ACTUAL) 

B.55S 

DIA.  (IN) 

2.11 

MAX  TIP  SPEED 

255. 

TIP  SPEED 

1X2. 

STAGES 

1 

VOL.  FLON 

»**. 

CANB4A 

1.45 

NCAD  COEF 

B.4S0 

PRESS  RATIO  CT/T) 

I. 01 

FLO#  COEF 

B.2BB 

PRESS  RATIO  (T/S) 

1 .01 

MOftSCPOCR 

15. 

EXIT  NA04  NAPOO 

0.05 

SPECIFIC  SPEED 

**.*2 

SPECIFIC  DlANCTER 

0.8* 

•  02  TiMBtHC  ■ 

»  02  PUN*  • 

EFFICIENCY  (T/T) 

8.017 

EFFICIENCY 

*.750 

EFFICIENCY  (T/S) 

B.  771 

HORSEPOWER 

551. 

SPEED  IRPN) 

0774*. 

SPEED  (RPN) 

*774*. 

HORSEPOCR 

551. 

SS  SPEED 

22SB5. 

NCAM  DIA  (IN) 

2.55 

S  SPEED 

1*45. 

EFF  AREA  (INC) 

0.2* 

NCAD  (FT) 

524*. 

U/C  ( ACTUAL  ) 

0.525 

DIA.  (IN) 

).** 

MAX  TIP  SPEED 

*52. 

TIP  SPEED 

454. 

STAGES 

1 

VOL.  FLO# 

)40. 

CANN 

1.45 

NCAD  COEF 

B.42B 

PRESS  RATIO  (T/T) 

1.11 

FLON  COEF 

B.  155 

PRESS  RATIO  (T/S) 

1.12 

DIAMETER  RATIO 

0.4*2 

EXIT  MACH  NLMBER 

0.  OB 

BEARING  04  1 

.ARC *04 

SPECIFIC  SPEED 

45.35 

SHAFT  D I AN* TER 

14.00 

SPECIFIC  DIAMETER 

1.45 

I  15 


TABLE  11.  —  FULL-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENG  IK  PERFORMANCE  PARAMETERS 


chamber  pressure 

1403. * 

VAC  ENGINE  THRUST 

25000. 

TOTAL  ENGINE  FLOM  RATE 

52.00 

DEL.  VAC.  ISP 

<80.0 

THROAT  AREA 

7.42 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

98.52 

ENG  IK  MIXTURE  RATIO 

4.00 

ETA  C* 

0.993 

CHAMBER  COOLANT  DP 

<9S. 

CHAMBER  COOLANT  DT 

505. 

NOZZLE /CHAMBER  0 

14354. 

ENGINE  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  • 


station 

PRESS 

TE79* 

FLON 

ENTHALPY 

DENSITY 

B.P.  IKET 

IB. 4 

57.4 

7.45 

-107.5 

4.37 

B.P.  EXIT 

100.9 

59.5 

7.45 

-103.0 

4.39 

PUMP  INLET 

100.9 

58.5 

7.45 

-10J.0 

4.39 

1ST  STAGE  EXIT 

USB. 4 

54. 9 

7.45 

-25.5 

4.50 

2ND  STAGE  EXIT 

2851.9 

70.7 

7.45 

51.8 

4.58 

PUMP  EXIT 

<222.0 

84.2 

7.45 

128.4 

4.47 

COOLANT  INLET 

<180.4 

84.4 

7.45 

128.4 

4.45 

coolant  exit 

5485. < 

591.9 

7.45 

2055.1 

1.02 

TBV  IKET 

3448.5 

592.1 

0.37 

20S5.1 

1.01 

TBV  EXIT 

1795.5 

401.9 

0.57 

2055. I 

0.53 

02  TRB  INLET 

5449.5 

592.1 

7.08 

2055.1 

1.01 

02  TRB  EXIT 

5244.7 

579.5 

7.00 

2001.5 

0.94 

M2  TRB  INLET 

5244.7 

579.5 

7.08 

2001.5 

0.94 

K2  TRB  EXIT 

1925.4 

S19.5 

7.08 

1757.7 

0.44 

H2  TRB  DIFFUSER 

1888.2 

519.4 

7.08 

1757.7 

0.43 

K2  BST  TRB  IN 

1849.5 

519.4 

7.08 

1757.7 

0.43 

H2  BST  TRB  OUT 

18<8.2 

518.5 

7.08 

1753.0 

0.42 

M2  BST  TRB  DIFF 

1854.8 

519.4 

7.08 

1753.0 

0.42 

02  BST  TRB  IN 

1814.4 

518.4 

7.08 

1753.0 

0.41 

02  BST  TRB  OUT 

1804.0 

518.0 

7.08 

1750.4 

0.41 

02  BST  TRB  DIFF 

1804.5 

518.0 

7.08 

1758.4 

0.41 

K2  TANK  PRESS 

18.4 

529.4 

0.0113 

1745.4 

0.0044 

GOX  HEAT  EXCM  IN 

1795.5 

522.2 

7.44 

1745.4 

0.40 

COX  tCAT  EXCH  OUT 

1784.5 

521.9 

7.44 

1744.3 

0.40 

FSOV  IKET 

1794.5 

521.9 

7.44 

1744.3 

0.40 

FSOV  EXIT 

1741.9 

522.1 

7.44 

1744.3 

0.58 

CHAMBER  INJ 

1724.3 

522.2 

7.44 

1744.3 

0.58 

CHAMBER 

1405.4 

■  OXYGEN  SYSTEM  CONDITIONS 

■ 

STATION 

PRESS 

TE*T 

FLOM 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

44.7 

41.1 

71.17 

B.P.  EXIT 

135.4 

143.2 

44.7 

41.5 

71.20 

pipe  inlet 

135.4 

143.2 

44.7 

41.5 

71.20 

pu*r  exit 

2594.9 

174.4 

44.7 

70.0 

71.49 

02  TANK  PRESS 

14.0 

400.0 

0.074 

204.7 

0.12 

OCV  IK£T 

2570.9 

174.7 

44.4 

70.0 

71.45 

OCV  EXIT 

1799.4 

177.4 

<4.4 

70.0 

70. 4S 

CHAMBER  INJ 

CHAMBER 

1743.9 

1403-4 

177.8 

44.4 

70.0 

70.39 

VALVE 

DELTA  P 

•  valve  data 

AREA 

• 

FLOW 

X  BYPASS 

TBV 

1853. 

0.02 

0.37 

5.00 

FSOV 

45. 

2.10 

7.44 

OCV 

771. 

0 .28 

44.44 

■ 

INJECTOR 

DATA  » 

INJECTOR 

DELTA  p 

AREA 

FLOW 

VELOCITY 

FUEL 

121. 

l.*5 

7.44 

12*1.05 

LOX 

I  78. 

0.43 

44.44 

145.27 

I  16 


TABLE  11.  —  FULL-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TURBCMACXIWRY  POWWwCf  04 T A  • 


•  K2  ooost  turbine  • 

•  K2  BOOST 

PUW  ■ 

EFFICIENCY  (T/T) 

0.B2S 

EFFICIENCY 

0.7AS 

EFFICIENCY  IT/S) 

0.444 

HORSEPOCR 

40. 

SPEED  (RW) 

41350. 

SPEED  (RPH) 

4ISS0. 

MEAN  DIA  UN) 

1.44 

S  SPEED 

3045 . 

EFF  AREA  ( IN?  ) 

2. 02 

7CA D  I  FT) 

2703. 

U/C  (ACTUAL) 

o.sso 

DIA.  (IN) 

2.43 

MAX  TIP  SPEED 

370. 

TIP  SPEED 

440. 

STAGES 

1 

WL.  FL  CM 

742. 

umA 

1 .54 

WAD  coef 

0.450 

PRESS  RATIO  (T/T) 

1. 01 

R  JM  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.02 

HORSEPOCR 

40. 

EXIT  NACH  MIKSER 

o.n 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  DlATCTER 

0.S2 

•  K2  TLA  BINE  • 

•  K2  PIBT 

ia 

• 

STAGE  CPC 

STAGE  TNO  STAGE  THREE 

EFFICIENCY  CT/T) 

0.043 

EFFICIENCY 

0.724 

0.72S 

0.724 

EFFICIENCY  (T/S) 

0.025 

HORSEPOCR 

DI7. 

013. 

BIO. 

SPEED  (RPH) 

125000. 

SPEED  (RPH) 

125000. 

125000. 

125000. 

HORSE  POCR 

244). 

S3  SPEED 

IIS1B. 

HE  AN  DU.  (IN) 

2.34 

S  SPEED 

1124. 

1121. 

1115. 

EFF  AREA  ( IN?) 

0.30 

WAD  (FTJ 

43747. 

43500. 

43204. 

U/C  (ACTUAL) 

0.521 

DU.  UN) 

3.04 

1.04 

3.04 

MAX  TIP  SPEED 

1414. 

TIP  SPEED 

1471. 

1470. 

1471. 

STAGES 

2 

VOL.  FUM 

743. 

730. 

717. 

GAMMA 

1.34 

HEAD  COEF 

0.504 

0.502 

0.477 

PRESS  RATIO  (T/T) 

1.70 

flom  coef 

0. 1 10 

PRESS  RATIO  IT/S) 

1.74 

diatctcr  RATIO 

0.412 

EXIT  MACH  HIMO 

0.10 

bearing  m 

3.00C»04 

SPECIFIC  SPEED 

<1.45 

SHAFT  DlAlCra 

24.00 

SPECIFIC  DlAtCTE* 

1.24 

•  02  BOOST  TIRBItC  • 

•  02  BOOST 

PUMP  a 

EFFICIENCY  IT'D 

0.B77 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.734 

HORSEPOCR 

24. 

SPEED  (RPH) 

11055. 

SPEED  (RPH) 

I 1055. 

MEAN  DIA  UN) 

4.11 

S  SPEED 

3024. 

EFF  AREA  (IN?) 

4.04 

MEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

2.72 

MAX  TIP  SPEED 

231. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  R.0M 

202. 

GAMMA 

1.34 

HEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOM  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

HORSEPOtCR 

2<- 

EXIT  MACH  M1MBER 

0.04 

SPECIFIC  SPEED 

74.41 

SPECIFIC  DIAJCTER 

0.00 

•  02  riRBItC  • 

•  02  Purr  • 

EFFICIENCY 

(T/T) 

0,045 

EFFICIENCY 

0.747 

EFFICIENCY 

(T/S) 

0.744 

HQRSEPOCR 

530. 

SPEED 

(RPH) 

45041. 

SPEED  (RPH) 

45D41. 

HOR  SEP  ONER 

530. 

SS  SPEED 

21411. 

MEAN  DU 

(IN) 

2.34 

t  SPEED 

1070. 

EFF  AREA 

(IN2) 

9.54 

HEAD  (FT) 

4742. 

U/C  (ACTUAL) 

0.4)4 

D1A.  UN) 

2.12 

MAX  tip  speed 

744. 

TIP  SPEED 

411. 

STAGES 

1 

ML.  FLON 

200. 

GA7VU 

1.34 

WAD  COEF 

0.424 

PRESS  RATIO 

(T/T) 

1.12 

FL»  COEF 

0.154 

PRESS  RATIO 

IT/S) 

1.11 

DIAFCTER  RATIO 

0.403 

EXIT  MACH  WIMBCR 

0.1? 

KARIM#  ON  1 

.45C*04 

SPECIFIC  SPEED 

47.77 

SHAFT  DIAMETER 

22.00 

SPECIFIC  Dl  AfCTER 

1.27 
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TABLE  12. 


FULL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 
TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PAR.UCTERS 


CHAMBER  pressure 

1502. 9 

VAC  ENGINE  THRUST 

57500. 

TOTAL  ENGINE  FLOW  RATE 

78.15 

DEL.  VAC.  ISP 

£80.0 

T«OAT  AREA 

12.19 

N07ZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

12A.il 

ENGINE  MIXTURE  RATIO 

i.00 

ETA  C- 

0.995 

chamber  coolant  dp 

447. 

CHAMBER  COOLANT  DT 

£20. 

NOZZLE/CHAMBER  Q 

>8018. 

ENGINE  STATION  COCITIQNS 


■  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TOf 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18. i 

37.4 

11.18 

-107.5 

4.37 

B.P.  EXIT 

100.5 

38.5 

11.18 

-103.0 

4.39 

PUMP  INLET 

100.5 

38.5 

11.18 

-103.0 

4.39 

1ST  STAGE  EXIT 

1523.0 

5S.0 

11.18 

-23.6 

4.52 

2ND  STAGE  EXIT 

2971.0 

70.9 

11.18 

55.8 

4.63 

PUMP  EXIT 

£££5.£ 

86.4 

11.18 

135.0 

4.72 

COOLANT  INLET 

££00.9 

84.8 

11.18 

135.0 

4.70 

COOLANT  EXIT 

3953.5 

507.0 

11.18 

1746.4 

1  .25 

TBV  INLET 

3914.0 

507.2 

8.54 

1746.4 

1  .24 

TBV  EXIT 

1682.1 

517.4 

9.56 

1746.4 

0.57 

02  TRB  INLET 

3914.0 

507.2 

10.62 

1746.4 

1.24 

02  TRB  EXIT 

5491.1 

495.9 

10.62 

1697.1 

1.14 

H2  TRB  INLET 

3491.1 

495.9 

10.42 

1497.1 

1.14 

H2  TRB  EXIT 

1818.3 

435.4 

10.62 

1446.6 

0.72 

H2  TRB  DIFFUSER 

1774.3 

435.7 

10.42 

1446.6 

0.71 

M2  BST  TRB  IN 

1756.4 

435.7 

10.62 

1446.6 

0.71 

M2  BST  TRB  OUT 

1733.8 

434.4 

10.62 

1441.9 

0.69 

HZ  BST  TRB  DIFF 

J  720.  7 

434.6 

10.62 

1441.9 

0.69 

02  BST  TRB  IN 

1703.5 

£34.7 

10.62 

1441.9 

0.68 

02  BST  TRB  OUT 

1692 . 0 

£34-0 

10.62 

1439.3 

0.68 

02  BST  TRB  DIFF 

1490. 5 

434-0 

10.62 

1439.3 

0.68 

M2  TANK  PRESS 

18.6 

442.8 

0.0203 

1454-7 

0.0079 

GOX  MEAT  EXCM  IN 

1682.1 

438.2 

11.16 

1454.7 

0.67 

GOX  MEAT  EXCH  OUT 

1673. 7 

437.0 

11.14 

1453.3 

0.67 

FSOV  INLET 

1673.7 

437.8 

11.16 

1453.3 

0.47 

FSOV  EXIT 

1631.8 

438.0 

11.16 

1453.3 

0.65 

CHAMBER  INJ 

161S.5 

438.0 

11.16 

1453.3 

0.64 

CHAMBER 

1502.9 

■  OXYGEN  SYSTEM  CONDITIONS 

* 

station 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

47.1 

41.1 

71.17 

B.P.  EXIT 

135.6 

143.2 

67.1 

61.5 

71.20 

PUMP  INLET 

135.6 

163. 2 

67.1 

61  .5 

71  .20 

PUMP  EXIT 

2433.9 

173.5 

67.1 

49.3 

71.71 

02  TANK  PRESS 

16.0 

400.0 

8.113 

204.7 

0.12 

OCV  INLET 

2409.6 

173.4 

67.0 

69.3 

71  .47 

OCV  EXIT 

1686.7 

176.4 

67.0 

69.3 

70.55 

CHAMBER  INJ 
CHAMBER 

1453.1 

1502.9 

174.5 

67.0 

69.3 

70.50 

VALVE 

DELTA  P 

•  VALVE  DATA 
AREA 

■ 

FLOW 

*  BYPASS 

TBV 

2232. 

0.02 

0.54 

5.00 

FSOV 

42. 

3.09 

11.16 

OCV 

723. 

0.44 

64.97 

INJECTOR 

OELTA  P 

INJECTOR 

AREA 

DATA  • 

FLOW 

velocity 

FUEL 

113. 

2.13 

11.16 

1181  .21 

LOX 

167. 

0.97 

66.97 

140.53 
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TABLE  12.  —  FULL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TURBCMACHlNCRV  PERFORMANCE  DATA  • 


■  K2  BOOST  Tl*B1»C  *  »  H2  BOOST  P10C  • 


EFFICIENCY  IT/T) 

0.84B 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

ft. 479 

HORSEPCMER 

71. 

SPEED  (RPM) 

3307. 

SPEED  CRPM) 

33437. 

MEAN  DIA  (IN) 

1 . 7ft 

S  SPEED 

3051. 

EFF  AREA  (1K2) 

S.»5 

XAD  (FT) 

249  3 . 

U/C  (ACTUAL) 

0.S37 

DIA.  IIN> 

2.9ft 

MAX  TIP  SPEED 

370. 

TIP  SPEED 

439. 

STAGES 

1 

VOL.  FUON 

1143. 

GAMMA 

1.42 

►cad  coef 

0.450 

PRESS  RATIO  CT/T) 

1.01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.02 

NOR  SEPOCR 

71. 

EXIT  MACH  mover 

0.11 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  OIAICTER 

0.54 

•  HZ  TIASDC  • 

■  K2  PlOC 

ii 

• 

stage  a»c 

STAGE  TWO 

STAGE  THREE 

EFFICIENCY  CT/T) 

Mil 

EFFICIENCY  0.739 

0.73ft 

ft.  737 

EFFICIENCY  (T/S) 

0.*27 

HORSCPOCR  1254. 

1255. 

1253. 

SPEED  (RPH) 

)ft?|43. 

SPEED  (RPH)  107143. 

107141. 

107143. 

H0RSEPC4CR 

3744. 

SS  SPEED  11947. 

MEAN  DIA.  (IN) 

2.41 

S  SPEED  1142. 

1132. 

1124. 

EFF  AREA  (IKZ) 

0.4ft 

HEAD  (FT)  45490. 

45551. 

45391. 

U/C  (ACTUAL) 

0.489 

DIA.  UN)  3.44 

3.44 

3.44 

MAX  TIP  SPEED 

1347. 

TIP  SPEED  1702. 

1702. 

1702. 

STAGES 

2 

VOL.  FLO*  1110. 

lOftS. 

1044. 

CA»MA 

l.  42 

HEAD  COEF  0.507 

0.504 

0.504 

PRESS  RATIO  (T/T) 

1.92 

FLOW  COEF  0.119 

PRESS  RATIO  (T/S) 

1.9ft 

DIAICTER  RATIO  0.417 

EXIT  MACH  MINE) 

0.20 

BEAR)*!  ON  3.006*04 

SPECIFIC  SPEED 

5ft.  M 

SMAFT  DIAICTER  2ft. 00 

SPECIFIC  D1MCTEX 

1.23 

•  OZ  BOOST  TURBDC  » 

■  02  BOOST  PlOC  • 

EFFICIENCY  ET/TI 

•  .•ft? 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

ft.  754 

HORSEPOWER 

39. 

SPEED  (UFA) 

9024. 

SPEED  (RPH) 

9024. 

MEAN  DIA  ON) 

5.03 

3  SPEED 

3024. 

EFF  AREA  (IKZ) 

5.4ft 

ICAO  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.34 

MAX  TIP  SPEED 

231. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

423. 

GAMMA 

1.42 

MEAD  COEF 

0.45ft 

PRESS  RATIO  IT/T) 

1.01 

FLOW  COEF 

ft. 200 

PRESS  RATtO  (T/$) 

1.01 

HORSCPOCR 

39. 

EXIT  HAOf  NUMBER 

0.04 

SPECIFIC  SPEED 

93.04 

SPECIFIC  DIAMETER 

0.92 

■  02  TUtftlNE  •  *02  PlBC  • 


EFFICIENCY 

(T/T) 

0.B77 

EFFICIENCY 

0.740 

EFFICIENCY 

(T/S) 

0.024 

HORSCPOCR 

740. 

SPEED 

(RPH) 

52014. 

SPEED  (RPN) 

52014. 

HORSEPOMER 

740. 

SS  SPEED 

20904. 

MEAN  DIA 

UN) 

2.41 

S  SPEED 

1904. 

EFF  AREA 

(IN2) 

0.4ft 

HtAD  (FT) 

4413. 

U/C  (ACTUAL) 

ft. 534 

DIA.  (IN) 

2.5ft 

MAX  TIP  SPEED 

447. 

TIP  SPEED 

5ft?. 

STAGES 

2 

VOL.  FLW 

420. 

CANM 

1.42 

HEAD  COEF 

0.431 

PRESS  RATIO 

(T/T) 

1.12 

FLOW  COEF 

0.15ft 

PRESS  RATIO 

(T/S) 

l.IS 

DIAICTER  RATtO 

0.4ft4 

EXIT  MACH  Nllftd 

0.09 

BEARD*  DM 

1.446*04 

SPECIFIC  SPEED 

74.54 

shaft  diameter 

2«.  00 

SPECIFIC  DIAICTER 

I. Oft 
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TABLE  13.  —  FULL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMSER  pressure 

1402.4 

VAC  ENGINE  THRUST 

soooo. 

total  engine  FLOW  RATE 

104.18 

DEL.  VAC.  ISP 

480.0 

THROAT  AREA 

17.41 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAXTER 

148.90 

ENGJK  MIXTURE  RATIO 

4.00 

ETA  C» 

0.995 

CHAH3ER  COOLANT  DP 

355 . 

CHAMBER  COOLANT  DT 

583. 

NOZZLE /CHAMBER  Q 

21844. 

ENGINE  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

B.P .  INLET 

18.4 

37.4 

14.91 

-107.5 

4.37 

B.P .  EXIT 

100.2 

38.5 

14.91 

-103.0 

4.34 

PUMP  INLET 

100.2 

38.5 

14.91 

-103.0 

4.34 

1ST  STAGE  EXIT 

1308.4 

51.6 

24.91 

-37.4 

4.53 

2ND  STAGE  EXIT 

2547 .4 

64.4 

14.91 

27.5 

4.65 

PUMP  EXIT 

3813.5 

76.7 

14.91 

43.1 

4.73 

COOLANT  IW.ET 

3775.4 

77.1 

14.41 

93.1 

4.71 

COOLANT  EXIT 

3420.4 

459.9 

14.91 

1561.6 

1.20 

TBV  INLET 

3386.4 

460.0 

0.75 

1561.6 

1.14 

TBV  EXIT 

1570.3 

467.3 

0.75 

1561.6 

0.54 

02  TRB  INLET 

3386.4 

460.0 

14.17 

1561.6 

1.14 

02  TRB  EXIT 

3016.7 

449.7 

14.17 

1514.4 

1.10 

H2  TRB  INLET 

3016.7 

449.7 

14.17 

1516.4 

2.10 

H2  TRB  EXIT 

1706.6 

400.3 

14.17 

1304.9 

0.74 

H2  TRB  DIFFUSER 

1659.7 

400.4 

14.17 

1304.4 

0.72 

H2  BST  TRB  IN 

1643.1 

400.4 

14.17 

1304.9 

0.72 

H2  BST  TRB  OUT 

1620.3 

399.3 

14.17 

1305.2 

0.71 

H2  BST  TRB  DIFF 

1607.4 

399.3 

14.17 

1305.2 

0.70 

02  BST  TRB  IN 

1591.3 

399.4 

14.17 

1305.2 

0.70 

02  BST  TRB  OUT 

1579.8 

398.7 

14.17 

1302.6 

0.64 

02  BST  TRB  DIFF 

1578.2 

398.7 

14.17 

1302.6 

0.64 

H2  TANK  PRESS 

18.6 

405.3 

0.0294 

1315.5 

0.0087 

GOX  HEAT  EXCH  IN 

1570.3 

402.1 

14.88 

1315.5 

0.68 

GOX  HEAT  EXCH  OUT 

1562.5 

401.8 

14.88 

1314.2 

0.68 

FSOV  INLET 

1542.5 

401  .8 

14.88 

1314.2 

0.68 

FSOV  EXIT 

1523.4 

401.9 

14.88 

1314.2 

0.46 

CHAMBER  INJ 

1508.2 

401.4 

14.88 

1314.2 

0.46 

CHAMBER 

1402.6 

•  OXYGEN  SYSTEM 

CONDITIONS 

* 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

2  62.7 

89.4 

61.1 

71.17 

B.P.  EXIT 

135.4 

163.2 

84.4 

61  .5 

71.20 

PUMP  INLET 

135.4 

163.2 

84.4 

61.5 

71  .20 

PUMP  EXIT 

2271.4 

172.4 

84.4 

48.6 

71.71 

02  TANK  PRESS 

14.0 

400.0 

0.151 

204.7 

0-12 

OCV  INLET 

2248.8 

172.7 

84.3 

48.6 

71.67 

OCV  EXIT 

1574.2 

175.3 

89.3 

48.6 

70.62 

CHAMBER  INJ 

1558.4 

175.3 

84.3 

48.6 

70.60 

CHAMBER 

1402.6 

■  VALVE  DATA  * 

VALVE 

DELTA  p 

AREA 

FLOW 

X  BYPASS 

TBV 

1816. 

0.03 

0.75 

5.00 

FSOV 

34. 

4.22 

14.88 

OCV 

475. 

0.61 

84.29 

» 

INJECTOR 

DATA  ■ 

INJECTOR 

delta  p 

AREA 

FLOW 

VELOCITY 

FUEL 

106. 

2.68 

14.88 

1131.21 

LOX 

156. 

1.27 

84.24 

135.69 
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TABLE  13.  —  FULL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


■  Tl*80MACMlNERV  performance  DATA  ■ 


•  HZ  BOOST  TURBIK  • 

* 

H2 

BOOST  PUMP  * 

EFFICIENCY  (T/T> 

0.841 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.689 

HORSEPOWER 

95. 

SPEED  (RPM) 

29123. 

SPEED 

(RPM) 

29123. 

MEAN  DIA  (IN) 

2.04 

S  SPEED 

3051. 

EFF  AREA  (IW2) 

5.09 

►CAD 

(FT) 

2482. 

U/C  (ACTUAL) 

0.553 

DIA. 

UN) 

3.44 

MAX  TIP  SPEED 

54? . 

TIP  SPEED 

458. 

ST  AGES 

1 

VOL. 

FLOW 

1525. 

GAMMA 

1.41 

HEAD 

COEF 

0.450 

PRESS  RATIO  IT/T ) 

1. 01 

FLOW 

COEF 

0.201 

PRESS  RATIO  (T/S) 

1.02 

HORSE  PO^CR 

95. 

EXIT  HACM  NUMBER 

o.u 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  DIAMETER 

0.54 

■  K2  TLRBINE  • 

■  i 

* 

H2  PUMP 

■ 

STAGE  ONE 

stage  two 

STAGE  THREE 

EFFICIENCY  (1/7) 

0.889 

EFFICIENCY 

0.744 

0.743 

0.742 

EFFICIENCY  (T/S) 

0.838 

HORSEPOWER 

1375. 

1380. 

1384. 

SPEED  (RPM) 

100000. 

SPEED  (RPM) 

100000. 

100000. 

100000. 

HORSEPOWER 

4159. 

SS  SPEED 

12880. 

MEAN  DIA.  (IN) 

2.83 

S  SPEED 

1391. 

1372. 

1359. 

EFF  AREA  (IN2) 

0.71 

►CAD  (FT) 

58744. 

58828. 

58875. 

U/C  (ACTUAL) 

0.544 

DIA.  (IN) 

3.48 

3.48 

3.49 

MAX  TIP  SPEED 

1585. 

TIP  SPEED 

1409. 

1409. 

1409. 

stages 

2 

vol.  flow 

1474. 

1441. 

1415. 

GAMMA 

1.41 

►CAD  CO£F 

0.482 

0.483 

0.483 

PRESS  PATIO  (T/T) 

1.77 

FLOW  COEF 

0.133 

PRESS  RATIO  (T/S) 

1-85 

DIAMETER  RATIO 

0.472 

EXIT  MACH  NUMBER 

0.21 

BEARING  ON 

3. 

.00E'04 

SPECIFIC  SPEED 

75.58 

SHAFT  DIAMETER 

30.00 

SPECIFIC  DIANCTER 

1.12 

■  02  BOOST  TURBINE  • 

• 

*■ 

02 

BOOST  PUMP  ■ 

efficiency 

(T/T) 

0.894 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.742 

HORSEPOWER 

51. 

SPEED 

(RPM) 

7817. 

SPEED  (RPM) 

7817. 

MEAN  DIA 

(IN) 

3.81 

S  SPEED 

3024. 

EFF  AREA 

(IN?) 

7.23 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

3.85 

MAX  TIP  SPEED 

230. 

TIP  SPEED 

132. 

stages 

1 

VOL.  FLOW 

544. 

GAMMA 

1.41 

HEAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOKR 

51. 

EXIT  MACH  NUMBER 

0.04 

SPECIFIC  SPEED 

93.04 

SPECIFIC  DIAMETER 

0.92 

•  02  TURBIKC  •  "02  PUMP  ■ 


EFFICIENCY 

IT/T) 

0.8/9 

EFFICIENCY 

0.749 

EFFICIENCY 

(T/S) 

0.822 

HORSEPOWER 

907. 

SPEED 

(RPM) 

43541. 

SPEED  (RPM) 

43541. 

HORSEPOCR 

907. 

SS  SPEED 

20215. 

MEAN  DIA 

(IN) 

2.83 

S  SPEED 

1945. 

EFF  AREA 

IIK2) 

1.00 

MEAD  (FT) 

4287. 

U/C  (ACTUAL) 

0.504 

DIA.  (JN) 

2.94 

MAX  TIP  SPEED 

417. 

TIP  SPEED 

544. 

STAGES 

2 

VOL.  FLOW 

540. 

GAMMA 

1.41 

HEAD  COEF 

0.434 

PRESS  RATIO 

(T/T) 

112 

FLOW  COEF 

0.140 

PRESS  RATIO 

(T/S) 

1.13 

DIAMETER  RATIO 

0.484 

EXIT  MACH  NUMBER 

0.10 

BEARING  DM 

1 .31E»04 

SPECIFIC  SPEED 

77.88 

SHAFT  DIAMETER 

30.00 

SPECIFIC  DIAMETER 

0.99 

I 


TABLE  14.  —  SPLIT-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENG!»C  PERFORMANCE  PARAMETERS 


CHAMBER  PRESS  IRE 

1329.9 

VAC  EMG11C  T>«UST 

7500. 

TOTAL  ENGINE  FLOW  RATE 

15.63 

DEL.  VAC.  ISP 

479.9 

7TR OAT  AREA 

2.75 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

59.21 

ENC1>€  MI  XT  IRE  RATIO 

6.00 

ETA  C» 

0.993 

CHAMBER  COCLAHT  DP 

1300. 

CHAMBER  COOLANT  DT 

1071  . 

mozzle/chahber  0 

4397. 

EMGIkC 

STATION 

CONDITIONS 

FUEL 

:  EM  CONDITIONS  ■ 

STATION 

TS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

6 

37.4 

2.23 

-107.5 

4.37 

B.P.  EXIT 

.3 

38.5 

2.23 

-103.0 

4.39 

PUMP  in^T 

10O.3 

38.5 

2.23 

-103.0 

4.J9 

1ST  STAGE  EXIT 

1787.3 

66.4 

2.23 

13.7 

4.30 

JBV  INLET 

1760.5 

66.6 

1.12 

13.9 

4.28 

JBV  EXIT 

1496.4 

f'  6 

1.12 

13.9 

4.09 

2ND  STAGE  EXIT 

3473.0 

It  .  .6 

1.12 

164.0 

4.05 

PUMP  EXIT 

4981 .0 

137.3 

1.12 

298.4 

3.98 

COOLANT  INLET 

4931.2 

137.7 

1.12 

298.4 

3.96 

COOLANT  EXIT 

3631.6 

1208.7 

1.12 

4234.7 

0.53 

TBV  INLET 

3595.2 

1209.0 

0.06 

4234.7 

0.52 

T8V  EXIT 

1567.0 

1223.8 

o 

o 

O' 

4234.7 

0.23 

02  TRB  INLET 

3595.2 

1209.0 

1.06 

4234.7 

0.52 

02  TRB  EXIT 

3240.7 

1184.9 

1.06 

4140.6 

0.48 

M2  TRB  I*_ET 

3240.7 

1184.9 

1.06 

4140.6 

0.48 

H2  TRB  EXIT 

1657.5 

1040.3 

1.06 

3595.0 

0.29 

M2  TRB  DIFFUSER 

1641.7 

1040.4 

1.06 

3595-0 

0 . 28 

H2  BST  TRB  IN 

1625.3 

1040.4 

1.06 

3595.0 

0.28 

M2  BST  TRB  OUT 

1404.3 

1038.0 

1.06 

3585.5 

0.28 

M2  BST  TRB  DIFF 

1401. 4 

1038.0 

1.06 

3585.5 

0.28 

02  BST  TRB  IN 

1585.4 

1038.1 

1.06 

3585.5 

0.28 

02  BST  TRB  OUT 

1575-6 

1036.7 

1.06 

3580.4 

0.27 

02  BST  TRB  DIFF 

1574.8 

1036.7 

1.06 

3580.4 

0.27 

NT  TANK  PRESS 

18.6 

1057.3 

0.0017 

3613.1 

0.0033 

GOX  HEAT  EXCH  IN 

1567.0 

1046.1 

1.12 

3613.1 

0.27 

GOX  HEAT  EX CM  OUT 

1559.1 

1045.4 

1.12 

3610.3 

0.27 

MIXER  HDT  IN 

1559.1 

1045.4 

1.12 

3610.3 

0.27 

MIXER  COLD  IN 

1496.4 

68.6 

1.12 

13.9 

4.09 

MIXER  OUT 

1481 .2 

535.9 

2.23 

1810. 7 

0.49 

FSOV  I98.ET 

1481.2 

535.9 

2.23 

1810.7 

0.49 

FSOV  EXIT 

1444.1 

536.1 

2.23 

1810.7 

0.48 

CHAMBER  IHJ 

1429.7 

536.2 

2.23 

1810.7 

0.47 

chamber 

1329.9 

•  OXYGEN  SYSTEM  CONDITIONS 

■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

13.4 

61-1 

71.17 

B.P.  EXIT 

135.6 

163.2 

13.4 

61  .5 

71.20 

PUMP  INLET 

135.6 

163.2 

13.4 

61.5 

71.20 

PUMP  EXIT 

2153.8 

173.7 

13.4 

68.9 

71  .42 

02  TANK  PRESS 

16.0 

400.0 

0.023 

204.7 

0.12 

OCV  INLET 

2132,3 

173.8 

13.4 

68.9 

71.39 

OCV  EXIT 

1492.6 

176.2 

13.4 

68.9 

70.38 

CHAMBER  1MJ 

1462.9 

176.3 

13.4 

68.9 

70.34 

CHAMBER 

1329.9 

m 

VALVE  DATA  » 

valve 

DELTA  p 

AREA 

FLOW 

X  BYPASS 

JBV 

264 . 

0.05 

1.12 

50.00 

TBV 

2028. 

0.00 

0.06 

5.00 

FSOV 

37. 

0.77 

2.23 

OCV 

640. 

0.09 

13.39 

m 

INJECTOR 

DATA  ■ 

INJECTOR 

DELTA  P 

AREA 

flow 

VELOCITY 

FUEL 

100. 

0.53 

2.23 

1288 .81 

LOX 

148. 

0.71 

13.39 

132.35 
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TABLE  14.  - 


SPLIT-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 
TUBE  CHAMBER)  (CONTINUED) 


•  Tl*BOHACMI>CRY  PERFORMANCE  DATA  • 


*  M2  BOOST  TURBItC  • 


»  M2  BOOST  PUMP  • 


EFFICIENCY  (T/T) 

B.709 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

•  U4 

HORSEPOWER 

14. 

SPEED  (RPM) 

75254. 

SPEED  (RPM) 

75254. 

MOW  DIA  UN) 

I. It 

S  SPEED 

5051. 

EFF  AREA  ( IW2 ) 

0 .40 

tCAD 

(FT) 

2415. 

U/C  (ACTUAL) 

1.S5J 

DIA. 

UN) 

1.55 

MAX  TIP  SPEED 

ABA. 

TIP  SPEED 

*50. 

STAGES 

1 

YOL. 

FLCBl 

22B  . 

GAmA 

I.  J* 

ACAD 

COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW 

COEF 

0.201 

PRESS  RATIO  CT/S) 

1.02 

MOR  SEP  OCR 

U. 

EXIT  MACH  NUMBER 

B.  07 

SPECIFIC  SPEED 

12* .Bt 

SPECIFIC  DIAMETER 

B.4B 

•  M2  TURBINE  • 

•  K2  PIMP 

i  • 

• 

STAGE  OC 

STAGE  TWO 

STAGE  TMRE 

EFFICIENCY  (T/T) 

B.74S 

EFFIC!E)CT 

0.417 

0.499 

0.517 

EFFICIENCY  (T/S) 

8.750 

HORSEPCRCR 

549. 

258. 

212. 

SPEED  (RPH) 

117500. 

SPEED  (RPM ) 

IB  7500. 

187500 . 

107500. 

HORSEPOWER 

•  19. 

SS  SPEED 

9545. 

KiM  DIA.  (IN) 

2.54 

S  SPEED 

795. 

554. 

595. 

EFF  AREA  UK2) 

• .  OB 

ACAD  (FT) 

54152. 

51512. 

54054  • 

U/C  (ACTUAL) 

0-521 

DIA.  UN) 

2 .20 

2.59 

2.59 

MAX  TIP  SPEED 

2000. 

TIP  SPEED 

1144. 

1959. 

1959. 

STAGES 

2 

FL(BI 

255. 

124. 

124. 

GAmA 

1.5 S 

ACAD  COEF 

0.520 

0.489 

0.455 

PRESS  RATIO  (T/T) 

1.94 

FLCBl  ceef 

0.094 

PRESS  RATIO  (T/S) 

1.9* 

•rAWCTER  RATIO 

0.524 

EXJT  MACH  MWCT 

0.12 

■EAR  IMS  tM 

5. 01E -04 

SPECIFIC  SPEED 

2S.21 

DIAMETER 

14.00 

SPECIFIC  DlAJCTER 

2.51 

■  02  BOOST  TURBIIC  • 


*  02  BOOST  P • 


EFFICIENCY  (T/T) 
EFFICIENCY  (T/S) 
SPEED  CRPN) 

MEAN  D1A  (IN) 
EFF  AREA  1 1  M2 1 
U/C  f ACTUAL) 

MAX  TIP  SPEED 
STAGES 
GAMA 

PRESS  RATIO  CT/TI 
PRESS  RATIO  CT/S) 
HORSEPOWER 
EXIT  MACH  NlMBER 
SPECIFIC  SPEED 
SPECIFIC  DIAMETER 


EFFICIENCY 
HCKSEPCBCR 
SPEED  CRPM) 
S  SPEED 
MEAD  (FT) 

DIA.  (IN) 

TIP  SPEED 
YOL.  FLCH 
HEAD  COEF 
FUM  COEF 


■  02  turbine  ■ 


EFFICIENCY  (T/T) 
EFFICIENCY  (T/S  I 
SPEED  (RPN) 

HORSEPOWER 
►CAM  DIA  (IN) 
EFF  AREA  <IN2) 
U/C  (ACTUAL) 

MAX  TIP  SPEED 
STAGES 
GAMMA 

PRESS  RATIO  (T/7 ) 
PRESS  RATIO  (T/S) 
EXIT  MACH  HUMBER 
SPECIFIC  SPEED 
SPECIFIC  DIAMETER 


EFFICIOCY 

0.705 

hqrsepgner 

141. 

SPEED  IRPM) 

112415. 

SS  SPEED 

20241. 

S  SPEED 

2050. 

HEAD  (FT) 

404B. 

DIA.  (1M) 

1-15 

TIP  SPEED 

545. 

VOL.  FLCBl 

04. 

►CAD  COEF 

0.4)0 

FLOW  COEF 

o.its 

OIAACTER  RATIO 

0.484 

BEARING  Oh 

J - 58E  *04 

SHAFT  DIAMETER 

14.00 

V. 


TABLE  15.  -  SPLIT-EXPANDER  ENGINE  -  15,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


EHG1*€.  PERFORMANCE  PARAMETERS 


CHAMBER  PRESS  IRE 

1610.6 

VAC  ENGINE  THRUST 

15000. 

TOTAL  ENGXtC  FLOW  RATE 

SI. 25 

DEL.  VAC.  ISP 

480.0 

THROAT  AREA 

4.55 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  exit  diameter 

74.15 

ENGINE  MIXTURE  RATIO 

4.00 

ETA  C» 

0.995 

chamber  coolant  dp 

40Z . 

CHAMBER  COOLANT  DT 

iin . 

NOZZLE/CHAMBER  q 

9205. 

ENG I  VC  STATION  CONDITIONS 


•  fuel  system  conditions  •* 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

B-P.  INLET 

18.4 

57.4 

4.47 

-107.5 

4.57 

B.P.  EXIT 

100.5 

58.5 

4.47 

-103.0 

4.59 

PUMP  INLET 

100.5 

58.5 

4.47 

-103.0 

4.39 

1ST  STAGE  EXIT 

2144.4 

72.4 

4.47 

40.2 

4.29 

JBV  INLET 

2152.2 

72.9 

2.23 

40.2 

4.27 

JBV  EXIT 

1812. 5 

75.2 

2.23 

40.2 

4.05 

2ND  STAGE  EXIT 

5474.4 

95.5 

2.25 

154.0 

4.25 

PUMP  EXIT 

4754.4 

114.4 

2.25 

227.4 

4.24 

COOLANT  INLET 

4489.2 

114.7 

2.23 

227.4 

4.24 

COOLANT  EXIT 

4087.5 

1257.4 

2.23 

4547.3 

0.57 

TBV  INLET 

4044.4 

1257.7 

0.11 

4347.3 

0.57 

TBV  EXIT 

1898 . 0 

1255.4 

0.11 

4347.5 

0.27 

02  TRB  INLET 

4044.4 

1257.7 

2-12 

4347.3 

0.57 

02  TRB  EXIT 

5594.2 

1209.4 

2.12 

4234.4 

0.52 

H2  TRB  INLET 

5594.2 

.1209.4 

2.12 

4234.4 

0.52 

M2  TRB  EXIT 

2004. S 

1078.8 

2.12 

5757.9 

0.35 

M2  TRB  DIFFUSER 

1985.2 

1078.9 

2.12 

3737.9 

0.33 

HZ  BST  TRB  IN 

1945.4 

1078.9 

2.12 

3737.9 

0.35 

M2  BST  TRB  OUT 

1945.9 

1074.5 

2.12 

3728.4 

0.32 

M2  BST  TRB  D1FF 

1958.9 

1074.5 

2.12 

5728.4 

0.52 

02  BST  TRB  IN 

1919.5 

1074.7 

2.12 

3728.4 

0.52 

02  BST  TRB  OUT 

I  908. 5 

1075.5 

2.12 

3723.2 

0.32 

02  BST  TRB  DIFF 

1907.4 

1075.5 

2.12 

3725.2 

0.52 

M2  TANK  PRESS 

18.4 

1097.9 

0.0035 

5754.4 

0  0052 

GOX  HE AT  EXCH  IN 

1898.0 

1084. j 

2.25 

3754.4 

0.52 

GOX  HEAT  EXCH  OUT 

1888.5 

1083.4 

2,25 

3751.7 

0.31 

MIXER  HOT  IN 

1888.5 

1085.4 

2.25 

3751.7 

0.31 

MIXER  COLD  IN 

1812.5 

75.2 

2.25 

40.2 

4.05 

MIXER  OUT 

1794.1 

557.4 

4.44 

1894.4 

0.54 

FSOV  INLET 

1794.1 

557.4 

4.44 

1894.4 

0.54 

FSOV  EXIT 

1749.5 

557.8 

4.44 

1894.4 

0.55 

CHAMBER  1NJ 

1751.4 

558.0 

4.44 

1894.4 

0.55 

CHAMBER 

1410.4 

•  OXYGEN  SYSTEM 

CONDITIONS 

m 

STATION 

PRESS 

TE*> 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

26.8 

61.) 

71.17 

B.P.  EXIT 

135.6 

163.2 

26.8 

61.5 

71.20 

PUMP  INLET 

135.6 

163.2 

26.8 

41  .5 

71.20 

PUMP  EXIT 

2608.5 

175.2 

26.8 

70.2 

71.61 

02  tank  press 

16.0 

400.0 

0.045 

204.7 

0.12 

OCV  INLET 

2582.4 

175.5 

26.8 

70.2 

71.57 

OCV  EXIT 

1807.7 

178.2 

26.8 

70.2 

70.36 

CHAMBER  1NJ 

1771.7 

178.4 

26.8 

70.2 

70.30 

CHAMBER 

1610. 4 

VALVE 

DELTA  P 

■  VALVE  DATA  • 

AREA  FLOW 

X  BYPASS 

JBV 

320. 

0.09  2.25 

50.00 

TBV 

2149. 

0.01  0.11 

5.00 

FSOV 

45. 

1.30  4.46 

OCV 

7  75. 

0.17  26.79 

• 

injector 

DATA  » 

INJECTOR 

DELTA  P 

AREA 

flow 

VELOCITY 

FUEL 

121. 

0.90 

4.46 

1327.74 

LOX 

1  79. 

0.38 

26.79 

145.48 
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TABLE  15.  -  SPLIT-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TlRBOFVCHJI'CRY  PERFORMANCE  DaTA  » 


■  M2  BOOST  TtftS  ItC  • 

•  K2  BOOST 

PUT  • 

EFF ICIENCY  (T/T) 

e.tis 

ETFICIOCY 

0.744 

EFFICIENCY  CT/S) 

B.422 

HQRSEPOCR 

29. 

SPEED  IRPH) 

S  5259. 

SPEED  IRPN) 

55239. 

►ON  DU  (IN) 

1.44 

S  SPCEl 

SOSO. 

EFF  AREA  IIK2) 

).)• 

HEAD  (FT) 

249S. 

U/C  (ACTUAL) 

I.5M 

DIA.  UN) 

1.99 

KAX  TIP  SPEED 

474. 

TIP  SPEED 

4S9. 

STAGES 

1 

VOL.  FLOW 

4S7. 

&*m A 

1.4B 

HEAD  COEF 

0.4S0 

PRESS  RATIO  (T/T) 

1.91 

FLO  COCF 

0.201 

PRESS  RATIO  (T/S) 

1.01 

SEP  OCR 

29. 

EXIT  KACH  NUMBER 

.04 

SPECIFIC  SPEED 

117.14 

SPECIFIC  DIAMETER 

0.71 

•  M2  TUtBINE  • 

■  K2  PlRC 

>• 

■ 

stage  oc 

STAGE  T» 

STAGE  TH*EE 

EFFICIENCY  CT/T) 

0.770 

EFFICIENCY 

0.4)7 

0.502 

0.400 

EFFICIENCY  IT/S) 

0.745 

7CRSEPOCR 

005. 

505. 

290. 

SPEED  CRPW) 

134543. 

SPEED  (RPN) 

1545a? . 

154545. 

IS4S4S. 

KW  SEP  OCR 

1407. 

SS  SPEED 

040S. 

MEAN  DIA.  (IN) 

5.24 

S  SPEED 

404. 

494. 

705. 

EFF  AREA  (IK2) 

0.1S 

>CAD  (FT  J 

49910. 

44220. 

42420. 

U/C  (ACTUAL) 

0.549 

DU.  (IN) 

5.50 

2.92 

2.92 

HAX  TIP  SPEED 

2000. 

TIP  SPEED 

2020. 

1477. 

1477. 

STAGES 

2 

VOL.  Flow 

447. 

254. 

255. 

GA*tt 

1.40 

►CAD  COCF 

0.S4  ? 

0.504 

0.499 

PRESS  RATIO  CT/T) 

1.70 

FLO*  COEF 

0.090 

PRESS  RATIO  CT/S) 

1  -92 

diameter  ratio 

0.504 

EXIT  MAC*  ►*#•£ R 

9.12 

BEARING  O* 

5.00£«04 

SPECIFIC  SPEED 

20.04 

SHAFT  DIA/CTER 

22.00 

SPECIFIC  DIAACTER 

2.S7 

•  02  BOOST  TtKSllC  ■ 

•  02  9QOST 

WF  • 

EFFICIENCY  CT/T) 

0.927 

EFFICIENCY 

0.744 

EFFICIENCY  CT/S) 

0.750 

MOftSEPObCR 

15. 

SPEED  CRPN) 

14271. 

SPEED  CRPN) 

14271. 

►CAN  DIA  UN) 

4.50 

S  SPEED 

5024. 

EFF  AREA  (IH2) 

1.44 

►CAD  CFT) 

242. 

U/C  (ACTUAL) 

0.555 

DIA.  (IN) 

2.11 

MAX  TIP  SPEED 

505. 

TIP  SPEED 

152. 

stages 

1 

VCL.  FLOW 

140. 

GAW4A 

1.40 

►CAD  COEF 

0.450 

PRESS  RATIO  CT/T) 

1.01 

FLO*  COEF 

0.200 

PRESS  RATIO  CT/S) 

1.01 

SC  POWER 

15. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

50.20 

SPECIFIC  D1A7CTER 

1 .59 

■  02  TUR0!>C  ■ 

•  02  PDF  • 

EFFICIENCY 

CT/T) 

0.770 

EFF1C1E7CY 

0.759 

EFFICIENCY 

CT/S) 

0.755 

MORSEFOCR 

532. 

SPEED 

(RPN) 

05775. 

SPEED  CRPN) 

RS773. 

H0RSEP0MER 

552. 

SS  SPEED 

21001. 

►CAN  DIA 

UN) 

5.24 

S  SPEED 

1074. 

EFF  AREA 

UN2) 

9.20 

►CAO  CFT) 

4471. 

U/C  (ACTUAL) 

0.510 

DU.  UN) 

1.45 

MAX  TIP  SPEED 

1257. 

TIP  SPEED 

417. 

STAGES 

1 

VCL.  FLO* 

149. 

CN0U 

1.40 

HEAD  COCF 

0.420 

PRESS  RATIO 

CT/T) 

1-15 

FlOm  COEF 

0.157 

PRESS  RATIO 

CT/S) 

1.15 

DJVCTER  RATIO 

0.495 

EXIT  HACH  NUMBER 

0.07 

BEARING  04  1 

. 37C*04 

SPECIFIC  SPEED 

24-05 

S*UFT  Dt AJCTER 

14.00 

SPECIFIC  OU/CTER 

2.44 

125 


TABLE  16.  —  SPLIT-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  pressure 

1712-8 

VAC  ENGINE  THRUST 

25000. 

TOTAL  ENGINE  FLOW  RATE 

52-08 

DEL.  VAC.  ISP 

<80.0 

THROAT  AREA 

7.  14 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

♦5.35 

ENGINE  MIXTIRE  RATIO 

4.00 

ETA  C» 

#.♦♦3 

CHAMBER  COOLANT  DP 

414. 

CHAMBER  COOLANT  DT 

1010. 

NOZZLE/CHAMBER  0 

13870. 

ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IH_£T 

IS. 4 

37.4 

7.45 

-107.5 

4.37 

B.P.  EXIT 

101  .2 

38. 5 

7.45 

-103.0 

4.39 

PUH>  INLET 

101-2 

38.5 

7.45 

-103.0 

4.39 

1ST  STAGE  EXIT 

2501 .9 

70.0 

7.45 

34.1 

4.42 

JBV  INLET 

2247.4 

70.3 

3.72 

34.1 

4.40 

JBV  EXIT 

1  *2  7 . 3 

73.0 

3.72 

24.1 

4.17 

2ND  STAGE  EXIT 

3708.4 

90.5 

3.72 

127.7 

4.43 

PUMP  EXIT 

5091 .3 

1)0.0 

3.72 

214.8 

4.47 

COOLANT  INLET 

5040.4 

110.4 

3.72 

214.8 

4.45 

COOLANT  EXIT 

4424.2 

111*.* 

3.72 

3942-2 

0.47 

TBV  IH.ET 

4379.9 

1120.2 

0.19 

3942. 2 

0.47 

TBV  EXIT 

201*. 2 

1137.1 

0.  t* 

3942.2 

0.32 

02  TRB  INLET 

437*.* 

1120.2 

3.54 

3942.2 

0.47 

02  TRB  EXIT 

3844.7 

10*1.1 

3.54 

3827.0 

0.41 

H2  TRB  INLET 

5844.7 

10*1.1 

3.54 

5827-0 

0.41 

H2  TRB  EXIT 

2134.2 

*45.0 

3.54 

5543.9 

0.39 

M2  TRB  DIFFUSER 

2113.7 

945.1 

3.54 

3343.9 

0.39 

M2  BST  TRB  IN 

20*2.4 

*45.1 

3.54 

3343.9 

0.39 

M2  BST  TR8  OUT 

2068 . 5 

962.7 

J.54 

5354-3 

0  -  38 

H2  BST  TRB  DIF F 

2043.5 

*42.7 

3.54 

3334.3 

0.38 

02  BST  TRB  IN 

2042.* 

*42.9 

3.54 

3334.3 

0.58 

02  BST  TRB  OUT 

2 030.2 

941  .5 

3.54 

3329.2 

0.38 

02  BST  TRB  DI FF 

202*. 4 

941.5 

3.54 

3329.2 

0.38 

H2  TANK  PRESS 

18.6 

*84.3 

0.004] 

3359.8 

0.0054 

GOX  MEAT  EXCM  IN 

201*. 2 

970.3 

3.72 

3559.8 

0.37 

GOX  HEAT  EXCH  OUT 

200*. 2 

*49.4 

3.72 

3557.1 

0.37 

MIXER  HOT  IN 

200*. 2 

*49.4 

3.72 

5557.1 

0.37 

MIXER  COLD  IN 

1*27.3 

73.0 

3.72 

54.1 

4.17 

MIXER  OUT 

1*08.7 

502.4 

7.44 

1495  .  J 

0.44 

FSOV  IH.ET 

1*08.7 

502.4 

7.44 

1495.3 

0.44 

FSOV  EXIT 

1841.0 

502.4 

7.44 

1495.3 

0.45 

CHAMBER  INJ 

1842.6 

502.7 

7.44 

1495. 3 

0.44 

CHAMBER 

1712. B 

■  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEMP 

FLOW 

Enthalpy 

DENSITY 

B.P.  INLET 

14.0 

142.7 

44.7 

41.1 

71.17 

B.P.  EXIT 

155.4 

143.2 

44.7 

41  .5 

7]  .20 

PUMP  INLET 

135.4 

143.2 

44.7 

41.5 

71.20 

PUMP  EXIT 

2773.9 

175.4 

44.7 

70.4 

71  .73 

02  TANK  PRESS 

U.O 

400.0 

0.074 

204.7 

0.12 

OCV  INLET 

2744.2 

175.5 

44.6 

70.4 

71.48 

OCV  EXIT 

1922.5 

re.  7 

44.6 

70.4 

70.40 

CHAMBER  INJ 

CHAMBER 

1884  1 

1712.8 

178.8 

44.6 

70.4 

70.34 

VALVE 

DELTA  P 

•  VALVE  DATA 
AREA 

FLOW 

X  BYPASS 

JBV 

340. 

0.14 

3.72 

50.00 

TBV 

2541  . 

0.01 

0.19 

5.00 

FSOV 

48  . 

1.95 

7.44 

OCV 

824. 

0.27 

44.44 

• 

in  h ctor 

DATA  • 

INJECTOR 

DELTA  p 

ABFA 

FLOW 

velocity 

FUEL 

120. 

1  -  55 

7.44 

1274 .82 

LOX 

l“0 

0.61 

44 . 44 

ISO . 19 
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TABLE  16.  —  SPLIT-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TURBCMACHlNERY  PERFORMANCE  DATA  a 


•  H2  host  turbine  • 

•  M2  BOOST 

PUMP  • 

EFFICIENCY  (T/T  ) 

•  -§71 

EFFICIENCY 

0.745 

EFFICIOCY  (T/S) 

1.(14 

N0RSEPO4C* 

40. 

SPEED  (W»U 

41431. 

SPEED  (RPM) 

4I4S1 . 

MEAN  DIA  (IN) 

2.12 

S  SPEED 

3042. 

EFF  AREA  UK?) 

1.70 

MEAD  IFT) 

2712. 

U/C  (ACTUAL) 

I.UI 

DIA.  (IN) 

2. *3 

MAX  TIP  SPEED 

471. 

TIP  SPEED 

4*0. 

STAGES 

1 

VCE .  FLOW 

741 . 

CAPMA 

1.44 

►CAD  COEF 

0 .450 

PRESS  RATIO  (T/T) 

1.01 

FL»4  COEF 

0.200 

PRESS  RATIO  17/S) 

I.B1 

KJRSEPOCR 

40 . 

EXIT  MACH  MIM8ER 

0.04 

SPECIFIC  SPEED 

114. OS 

SPECIFIC  DlA>CTtJt 

0.75 

•  K2  TlABUC  • 

• 

■ 

PC  PIAT 

ia 

• 

STAGE  ONE 

STAGE  TNO 

stage  rmcc 

EFFICIENCY  (T/T) 

0.020 

EFFICIENCY 

0.544 

0.442 

0.4*5 

EFFICIENCY  (T/S) 

0.012 

HDRSEPOCR 

1445. 

403. 

979. 

SPEED  (RPM) 

125 000. 

SPEED  (RPM) 

125000. 

125000. 

125000. 

HORSEPOWER 

2410. 

SS  SPEED 

11207. 

►CAN  DIA.  (IN) 

3.14 

S  SPEED 

703 . 

774. 

704. 

EFF  AREA  (1K2) 

0.21 

►CAD  (FT) 

71037. 

45747. 

**733. 

U/C  (ACTUAL) 

0.405 

B1A.  (IN) 

3.70 

3.00 

3.00 

MAX  TIP  SPEED 

1000. 

TIP  SPEED 

2045. 

)488. 

1480. 

STACES 

2 

vol.  f\_ow 

754. 

377. 

37*. 

M«U 

1.44 

►CAD  COEF 

0.541 

0.517 

0.505 

PRESS  RATIO  (7/7) 

1.B1 

FVCN  COEF 

0.004 

PRESS  RATIO  (T/S) 

1.03 

D1 APCTER  RATIO 

0.333 

EXIT  MACH  MtMSCR 

0.12 

oearim;  dm 

t 

00C*04 

SPECIFIC  SPEED 

33.40 

»*APT  01AFCTER 

24.00 

SPECIFIC  DlAtCTEJt 

2.10 

■  02  BOOST  TtMBIfC  * 

(• 

• 

iaai 

02 

►  aai 

BOOST  PIPC  a 

EFFICIENCY  IT/T) 

0.040 

EFFICIENCY 

0.754 

EFFICIENCY  IT/S) 

0.002 

►orscPtBC* 

24. 

SPEED  (RPM) 

11055. 

SPEED  (RPM) 

11055. 

►CAN  DIA  (IN) 

5.B2 

S  SPEED 

3024. 

EFF  AREA  (1X2) 

2.34 

►CAD  (FT) 

242. 

U/C  (ACTUAL ) 

0.551 

DIA.  UN) 

2.72 

MAX  TIP  SPEED 

302. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FT  ON 

2B2 . 

GAfOU 

1.44 

►CAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

MORSEFCKA 

24. 

EXIT  MACH  MIME* 

0.02 

SPECIFIC  SPEED 

55.44 

SPECIFIC  DJVCTIR 

1.47 

•  02  TlAOItC  ■ 

»  02  PIB*  • 

EFFICIENCY 

(T/T) 

0.050 

EFFICIENCY 

0.747 

EFFICIENCY 

(T/S) 

0.825 

HORSEPOWER 

574. 

SPEED 

(RPM) 

4  7  700. 

SPEED  (RPM) 

47789. 

HORSEPOWER 

574. 

SS  SPEED 

22244. 

MEAN  01 A 

UN) 

3.14 

S  SPEED 

)827. 

EFF  AREA 

1 1X2) 

0.29 

MEAD  (FT) 

52  95. 

U/C  1  ACTUAL) 

0.550 

DIA.  (IN) 

2.14 

MAX  TIP  SPEED 

*04. 

TIP  SPEED 

432. 

STAGES 

2 

VOL.  F\.W 

280. 

GAFWA 

1  -  4* 

►CAD  COEF 

0  .*24 

PRESS  RAT  JO 

IT/T) 

1.13 

FLOW  COEF 

0. 155 

PRESS  RATIO 

(T/S) 

1.14 

DI  AFC  TER  RATIO 

0.482 

EXIT  MACH  N\A<8ER 

0.07 

•EARING  DM  1 

.**£•04 

SPECIFIC  SPEED 

42.4* 

SHAFT  DIAMETER 

22.00 

SPECIFIC  D! AJCTER 

1.85 
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TABLE  17.  —  SPLIT-EXPANDER  ENGINE  -  37,500  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARATCTERS 


CHAMBER  pressure 

1408.0 

VAC  ENGINE  THRUST 

moo. 

total  engine  flow  rate 

78.12 

DEL.  VAC.  ISP 

480. 0 

throat  area 

1 1  .40 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

120.49 

ENGINE  MIXTURE  RATIO 

4.00 

eta  c* 

0.995 

chamber  coolant  dp 

547. 

CHAMBER  coolant  dt 

879. 

NOZZLE/CHAMBER  0 

1SZ14. 

ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B-P.  INLET 

18 . 4 

57.4 

11.17 

-107.5 

4.37 

BP.  EXIT 

100.9 

58.  S 

11.17 

-105.0 

4.39 

PUMP  INLET 

100.9 

58.5 

11.17 

-105.0 

4.39 

1ST  STAGE  EXIT 

2141.1 

45.1 

11.17 

19.4 

4.49 

JBV  INLET 

2128.7 

45.4 

5.59 

19.5 

4.47 

JBV  EXIT 

1809.4 

48.2 

5.59 

19.5 

4.24 

znd  stage  exit 

54  18. 5 

81 .1 

5.59 

94.4 

4.54 

PUMP  EXIT 

4472.0 

94.4 

5.59 

148.4 

4.59 

COOLANT  INLET 

462S.5 

97.0 

5.59 

148.4 

4.57 

COOLANT  EXIT 

4078.0 

974.2 

5.59 

5429.4 

0.71 

TBV  INLET 

4057.2 

974.4 

0.28 

5429.4 

0.71 

TBV  EXIT 

1095 . 0 

991  .2 

0.28 

5429.4 

0.34 

02  TRB  INLET 

4057.2 

974.4 

5.51 

5429.4 

0-71 

02  TRB  EXIT 

5542.2 

949.4 

5.51 

5525  S 

0.44 

HZ  TRB  INLET 

5542.2 

949.4 

5.51 

5323-8 

0.44 

M2  TRB  EXIT 

2012.1 

841.7 

5.51 

2908.9 

0.45 

M2  TRB  DIFFUSER 

1988.7 

841  .8 

5.51 

2908.9 

0.42 

M2  BST  TRB  IN 

1948 .8 

841.8 

5.51 

2908.9 

0.42 

M2  BST  TRB  OUT 

1945.5 

859.4 

5.51 

2899.5 

0.41 

M2  BST  TRB  DIFF 

1958.5 

839.5 

5.51 

2899.5 

0.41 

02  BST  TRB  IN 

J9J8.9 

859.4 

5.51 

2899.5 

0.41 

02  BST  TRB  OUT 

1  90S . 5 

8  38.2 

5.51 

2894.2 

0.41 

02  BST  TRB  DIFF 

1904.5 

838.2 

5.51 

2894.2 

0.41 

M2  TANK  PRESS 

18.4 

857.9 

0.0105 

2921.0 

0.004] 

GOX  HEAT  EXCM  IN 

1895.0 

84  5 . 8 

5.58 

2921.0 

0.40 

GOX  MEAT  EXCM  OUT 

1885.5 

845.1 

5.58 

2918.2 

0.40 

MIXER  MOT  In 

1885.5 

84S.  I 

5.58 

2918.2 

0.40 

MIXER  COLD  IN 

1809.4 

48.2 

5.59 

19.5 

4.24 

MIXER  OUT 

1791.2 

441 .5 

11.14 

1447.5 

0. 70 

FSOV  INLET 

1791.2 

441  .5 

11.14 

1447.5 

0.70 

FSOV  EXIT 

1744.5 

441  .4 

11.14 

1447.5 

0.49 

CHAMBER  INJ 

1  728.8 

441.5 

11.14 

1447.5 

0.48 

chamber 

1408.0 

STATION 

*  OXYGEN  SYSTEM 
PRESS  TEMP 

CONDITIONS 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INIET 

14.0 

1-2.7 

47.1 

41  - 1 

71.17 

5  P .  EXIT 

i  :r> .  & 

l  ol  .  2 

(.7.1 

41  .5 

71  .20 

p  jMp  inlet 

135.0 

145.2 

47.  1 

41.5 

71.20 

pump  Exit 

2604 . 2 

174.3 

47.1 

44. B 

71  .  75 

02  tank  PRESS 

14.0 

400.0 

0.  1  13 

204.7 

0.12 

OCV  INLET 

2578 .2 

1  74.4 

47.0 

49.8 

71.71 

OCV  EXIT 

1804 . 7 

W7.3 

47.0 

49.8 

70.51 

rnAMpfR  INJ 

1  7*8  .8 

177  4 

47.0 

49.8 

70.45 

CHAMBER  U08.0 


•  VALVE  DATA  • 


VALVE 

DELTA  P 

AREA 

FLOW 

1  Bypass 

JBV 

3  19. 

0.22 

5.59 

50.00 

TBV 

2142  . 

0.02 

0.28 

5.00 

F  GOV 

45  . 

2.9(J 

11.14 

OCV 

775 

0 . 43 

4  4.94 

INJECTOR 

rx  L  T  A  P 

IN  <1  C  TOR 
ARE  A 

DATA  • 

FLOW 

v9 1  or  l  tv 

Fl*L 

1  2  1 

2  00 

11.14 

1193. 74 

L  OX 

1  74 

1  44 

44 . 94 

US  .41 

US 


TABLE  17.  -  SPLIT-EXPANDER  ENGINE  -  37,500  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TURftOHACHINERY  PERFORMANCE  DATA  • 


•  K2  BOOST  TLFIBIME  ■ 

■  K2  BOOST 

pure  • 

EFFICIENCY  (T/T) 

0.884 

EFFICIQOT 

0.745 

£FF)C1E>CV  (T/S> 

0.70) 

HORSEPOWER 

72. 

SPEED  (RPN) 

53774. 

SPEED  (RPN) 

31774. 

MEAN  DU  UN) 

2.40 

5  SPEED 

5044. 

EFF  AREA  (!K2> 

2.50 

HEAD  (FT) 

2704. 

U/C  (ACTUAL) 

0.555 

0IA.  UN) 

2.58 

H AX  TIP  SPEED 

447. 

TIP  SPEED 

440. 

STAGES 

1 

VOL.  FL04 

1142. 

GAMMA 

1.41 

HEAD  CO £F 

0.450 

press  ratio  ct/ti 

1.01 

FLOW  COEF 

0.201 

PRESS  RATIO  IT/S) 

1.02 

MORSCPOkC* 

72. 

EXIT  MAO*  MUHBER 

0.07 

SPECIFIC  SPEED 

112.44 

SPECIFIC  01  AFC  TER 

0.7? 

•  K2  TURBHC  • 

•  K2  PtRC 

• 

STAGE  o»c 

STAGE  TWO 

STAGE  TWEE 

EFFICIENCY  (T/T) 

0.851 

EFFICIENCY 

0.447 

0.484 

0.484 

EFFICIENCY  (T/S) 

0 .825 

HORSEPOWER 

1554. 

554. 

585. 

SPEED  (RPN) 

107143. 

SPEED  (RPH) 

107145. 

107141. 

187143. 

HORSCPOCR 

5115. 

SS  SPEED 

11874. 

FCAFF  DU.  UN) 

3.70 

S  SPEED 

045. 

885. 

841. 

EFF  AREA  ( IM2 1 

0.33 

►CAD  (FT) 

44458. 

40081. 

15544. 

U/C  (ACTUAL) 

0.554 

DIA.  UN) 

4.24 

X.J? 

5.37 

MAX  TIP  SPEED 

1812. 

TIP  SPEED 

1552. 

1577. 

1578. 

STAGES 

2 

VOL  .  FLCH 

1114. 

551. 

544. 

GAMU 

1.41 

HEAD  COEF 

0.535 

0.518 

0.511 

PRESS  RATIO  (T/T) 

1.74 

flow  coef 

0.102 

PRESS  RATIO  (T/S) 

1.75 

DlAFCTE*  RATIO 

0.357 

EXIT  HaCH  NUMBER 

0.14 

BEARING  DN 

J.0OE*O4 

SPECIFIC  SPEED 

50.44 

SHAFT  DJ  AFC  TER 

28.00 

SPECIFIC  DIAFCTtR 

1.55 

•  C2  BOOST  TURBltC  ■ 

•  • 

■ 

■  ■ 

02  BOOST  PIBC  » 

EFFICIENCY  (T/T) 

0.877 

EFFICIENCY 

0.744 

EFFICIENCY  (T/SI 

0.812 

HCRSEPOCR 

15. 

SPEED  (RPN) 

4024. 

SPEED  (RPN) 

5024. 

►CAN  DIA  (IN) 

7.12 

S  SPEED 

1024. 

EFF  AREA  (IK2) 

3.10 

►CAD  (FT) 

242. 

U/C  (ACTUM.) 

0.553 

DIA.  (IN) 

1.14 

MAX  TIP  SPEED 

101. 

TIP  SPEED 

112. 

STAGES 

1 

VOL.  FLOW 

421. 

GAHMA 

1.41 

►CAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0  200 

PRESS  RATIO  CT/S) 

1.01 

HORSEPfME* 

15. 

EXIT  MCKBER 

0.03 

SPECIFIC  SPEED 

54.11 

SPECIFIC  DIAFCTER 

1.51 

•  02  TlMlDC  • 

■  02  PlRC  ■ 

EFFICIENCY  (T/T) 

0.057 

EFFICIENCY 

0.740 

EFFICIENCY  (T/S) 

0.011 

HORSEPOWER 

755. 

SPEED  (RPN) 

55570. 

SPEED  (RPN) 

55578. 

HORSEPOWER 

755 . 

SS  SPEED 

21512. 

MEAN  DU  UN) 

3.70 

S  SPEED 

1055. 

EFr  AREA  UK2  ) 

0.45 

►CAD  (FT) 

4P52. 

U/C  (ACTUAL) 

0.511 

DIA.  UN) 

2.40 

MAX  TIP  SPEED 

414. 

TIP  SPEED 

408. 

stages 

7 

VOL.  FLCW 

420. 

GAMMA 

1.41 

►CAD  COEF 

0.411 

PRESS  RATIO  (T/T) 

1.14 

FLOW  COEF 

0.154 

PRESS  RATIO  (T/S) 

1.14 

DIAMETER  RATIO 

0.481 

EXIT  KACH  WlP*BCB 

0.07 

BEARING  1 

- 1 5C  *04 

SPECIFIC  SPEED 

41.21 

SHAFT  DlAJCTFR 

24.00 

SPECtFIC  DIAFCTER 

l  ■  TO 

120 


TABLE  18.  —  SPLIT-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PA*a>CTERS 


CHAMBER  PRESSURE 

1510.7 

VAC  ENGINE  THRUST 

50000. 

TOTAL  ENGINE  FLOW  RATE 

104.17 

DEL.  VAC.  ISP 

480.0 

THROAT  AREA 

14.18 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

145.5? 

engine  mixture  ratio 

4.00 

eta  c« 

0.9*5 

CHAMBER  COOLANT  DR 

487. 

CHAMBER  COOLANT  DT 

800. 

NOZZLE/CHAMBER  0 

??180. 

ENGINE  STATION  CONDITIONS 


»  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IXET 

18.4 

37.4 

14.90 

-107.5 

4.37 

B.P .  EXIT 

101.0 

38.5 

14.90 

-  103.0 

4.39 

PUMP  IX.ET 

101.0 

38.5 

14.90 

-103.0 

4.39 

1ST  STAGE  EXIT 

2030.2 

61.4 

14.90 

6.4 

4.54 

JBV  INLET 

1999.8 

61.7 

7.45 

6.4 

4.52 

JBV  EXIT 

1499.9 

64.5 

7.45 

6.4 

4.3? 

2ND  STAGE  EXIT 

5125.1 

73.9 

7.45 

67.6 

4.60 

PUMP  EXIT 

4227.8 

86.1 

7.45 

128.5 

4.67 

COOLANT  IM.ET 

4185.5 

86.5 

7.45 

128.5 

4.65 

COOLANT  EXIT 

5498.9 

886.6 

7.45 

3106.4 

0.71 

TBV  INLET 

3442.0 

886.9 

0.57 

3106.4 

0.  70 

TBV  EXIT 

1780.5 

899.3 

0.57 

3106.4 

0.35 

02  TRB  INLET 

5642.0 

88  6.9 

7.C8 

3106.4 

0.70 

02  TRB  EXIT 

3201.7 

862.2 

7.08 

3008.4 

0.64 

H?  TRB  IH.ET 

5201.7 

862.1 

7.08 

3008.4 

0.64 

K2  TRB  EXIT 

1896.7 

769.2 

7.08 

2649.7 

0.44 

H2  TRB  DIFFUSER 

1871  .9 

769.4 

7.08 

2649.7 

0.43 

KZ  BST  TRB  IN 

1853.2 

769.4 

7 .08 

2649.7 

0.43 

H2  BST  TRB  OUT 

1827.1 

766.9 

7-08 

2640. 1 

0.42 

M2  BST  TRB  DIFF 

1822.1 

767.0 

7.08 

2640.1 

0.42 

02  BST  TRB  IN 

1805.9 

767.1 

7.08 

2640.1 

0.42 

02  BST  TRB  OUT 

1790.1 

765  7 

7.08 

2655.0 

0.42 

02  BST  TRB  DIFF 

1789.3 

745.7 

7.08 

2635-0 

0.42 

M2  TANK  PRESS 

18.6 

783.2 

0.0155 

2658.6 

0.0045 

GOX  1CAT  EXCM  IN 

1780.3 

772.4 

7.4J 

2658.6 

0.41 

COX  MEAT  EXCM  OUT 

1771.4 

771.7 

7.43 

2655.8 

0.41 

MIXER  MOT  IN 

1771.4 

771.7 

7.43 

2655.8 

0.41 

MIXER  COLD  IN 

1699.9 

64.5 

7.45 

6.4 

4.32 

MIXER  OUT 

1682.0 

405.4 

14.88 

1529.7 

0.  72 

FSOV  INLET 

1682.0 

405.4 

14.88 

1329.7 

0.72 

FSOV  EXIT 

1640.8 

405.6 

14.88 

1329.7 

0.70 

CHAMBER  INJ 

1624. J 

<05-6 

14.88 

1329.7 

0.  70 

CHAMBER 

1510.7 

■  OXYGEN  SYSTEM 

C06CITI0NS 

■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16 . 0 

162.7 

89.4 

61  .  1 

71.17 

8.P.  EXIT 

135.6 

165.2 

8*  -  4 

61.5 

71  .20 

PUMP  INLET 

135.6 

>63.2 

89  4 

61  .5 

71  .20 

PUMP  EXIT 

2446.6 

173.3 

89.4 

69.2 

71.75 

02  TANK  PRESS 

16.0 

400.0 

0.151 

204.7 

0.  1? 

OCV  1HET 

2422.1 

1  73.4 

89.3 

69.2 

71.71 

OCV  EXIT 

1695.5 

176.2 

•9.3 

69.2 

70.58 

CHAMBER  I NJ 
CHAMBER 

1661.7 

1510.7 

176.3 

89.J 

69.2 

70.53 

VALVE 

delta  p 

•  VALVE  DATA 
AREA 

new 

t  BYPASS 

JBV 

300. 

0. 50 

7.45 

50.00 

TBV 

1882  . 

0 . 02 

0.57 

5.00 

FSOV 

42  . 

5  «4 

14  88 

OCV 

72  7  . 

0.59 

89.29 

•  Is  ;*  C  TOR  DAT*  • 

•-•-f  A  nOW 

:  .  m  1 c 

;  ;  9  s  *  :  * 


I  M) 


INJECTOR 
f  UEL 
LOX 


DFLTA  p 

lie 

lbH  . 


VELOCITY 
1142  .  70 
ICO  8k 


TABLE  18.  -  SPLIT-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


■  TURB0RACH1>CRY  PERF0RRA>CE  DATA  ■ 


•  M2  BOOST  TURBINE  • 

•  X?  BOOST 

PIPT  » 

EFFICIENCY  (T/TJ 

0  .SYS 

EFFICIENCY 

0.745 

EFFICIENCY  IT/S) 

6.711 

HORSEPOWER 

54. 

SPEED  IRPN) 

29259. 

SPEED  IRPN) 

29259. 

MEAN  0IA  (1N) 

3.M 

S  SPEED 

3044. 

EFF  AREA  I1N2) 

3.11 

►CAD  I  FT) 

2704. 

U/C  1  ACTUAL) 

0.553 

DU.  UN) 

3.44 

RAX  TIP  SPEED 

444. 

TIP  SPEED 

440. 

STAGES 

1 

VOL.  FLO* 

152S. 

GANNA 

I  .«• 

►CAD  CO EF 

0 .450 

PRESS  RATIO  IT/T ) 

1  .01 

FLOW  COEF 

0.201 

PRESS  RATIO  IT/S) 

1.02 

HOC  SEP  OCR 

*4. 

exit  kacm  mriber 

0.07 

SPECIFIC  SPEED 

212. SI 

SPECIFIC  DIAMETER 

0.77 

•  K2  TURBINE  ■ 

•  K2  PU4* 

IB 

a 

STAGE  C*C 

STAGE  DO  STAGE  T»«EE 

EFFICIOCY 

(T/T) 

0.849 

EFFICIENCY 

0.724 

0.725 

0.722 

EFFICIETCT 

U/S) 

0.843 

HORSEPGhCR 

2304. 

445. 

442. 

SPEED 

(RPN) 

100000. 

SPEED  I RPR ) 

100000. 

100000. 

1B0000. 

HORSEPOCR 

5591 . 

Ss  SPEED 

12793 . 

►CAN  DIA. 

UN) 

5.47 

S  SPEED 

9B0 . 

1045. 

1043. 

EFT  AREA 

UK2) 

0.47 

►CAD  I FT  ) 

41758. 

34459. 

34230. 

U/C  1 ACTUM.) 

0.554 

DIA.  UN) 

4.44 

J.39 

3.39 

HAM  TIP  SPEED 

1700. 

TIP  SPEED 

1959. 

1479. 

1479. 

STAGES 

2 

VOL.  FLOW 

1472. 

724. 

714. 

GAhNA 

1  .40 

►CAD  COEF 

0.529 

0.5B7 

0.503 

PRESS  RATIO 

IT/T) 

1.49 

►TOM  COEF 

0.109 

PRESS  RATIO 

IT/S) 

1.72 

DIANE TER  RATIO 

0.591 

EXIT  KAO*  HLPFBER 

0.15 

REAR  TNG  ON 

S.OO£*Ot 

SPECIFIC  SPEED 

44.16 

SHAFT  DIA>CTER 

30.00 

SPECIFIC  DIAMETER 

1  .49 

■  02  BOOST  TURBINE  • 

•  02  BOOST  PiRO> 

■a 

a 

la 

EFFICIENCY  IT/T) 

•  .BBS 

EFFICIENCY 

0. 744 

EFFICIENCY  IT/S) 

0.019 

►Ol  SEP  OCR 

51. 

SPEED  (RPR) 

7017. 

SPEED  (RPR) 

7B17. 

RE  AN  DIA  (1N) 

0.22 

S  SPEED 

3024. 

EFF  AREA  I  IN?  J 

4.30 

►CAD  (FT) 

242. 

U/C  (ACTUAL) 

0.555 

DIA.  UN) 

3.B5 

RAX  TIP  SPEED 

301. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

544. 

GANU 

1.40 

►CAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO  IT/SI 

1.01 

horscpvcr 

51. 

EXIT  RAO*  MOVER 

0.03 

SPECIFIC  SPEED 

53.70 

SPECIFIC  DIAMETER 

1.53 

•  02  T*»l«  • 

a  02  PlA*  a 

EFF  ICIDCY 

(T/T) 

0 .051 

EFFICIENCY 

0.749 

EFFICIENCY 

(T/SI 

0.024 

MORSEPCRCR 

901. 

SPEED 

IRPM) 

45004. 

SPEED  IRPR) 

45004. 

HORSEPOMER 

981 . 

SS  SPEED 

20885. 

MEAN  DIA 

UN) 

3.67 

S  SPEED 

1095. 

EFF  AREA 

(IN?) 

0.40 

►CAD  (FT ) 

4434. 

U/C  (ACTUAL) 

0.460 

01 A  .  UN) 

2.9B 

RAX  TIP  SPEED 

774. 

TIP  SPEED 

584 . 

STAGES 

2 

VOL  •  FLCN 

560. 

GANU 

1  .40 

HE  AO  COEF 

0.434 

PRESS  RATIO 

1  T/T  ) 

1  .  14 

FLOW  COEF 

0.158 

PRESS  RATIO 

(T/SI 

I. 15 

DIA7CTER  RATIO 

0.403 

EXIT  MACH  MMBCR 

0.07 

BEARING  W  1 

.3 SC* 04 

SPECIFIC  SPEED 

43.75 

SHAFT  DIAMETER 

30.00 

SPECIFIC  D1MCTCR 

1.53 

i.U 


TABLE  19.  -  DUAL-EXPANDER  ENGINE  -  7500  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


EMGI>C  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE  1571.2 
VAC  EMGI»e  THRUST  7530. 
TOTAL  ENGDC  FLOW  RATE  IS. 45 
DEL.  VAC.  ISP  479. 9 
THROAT  AREA  2.47 
NOZZLE  AREA  RATIO  10C0.0 
NOZZLE  EXIT  PIASTER  58 . 52 
ENGINE  MIXTURE  RATIO  4.00 
ETA  C"  0.415 
CHAMBER  COOLANT  OP  421. 
CHAMBER  COOLANT  DT  4*0. 
NOZZLE  COOLANT  DP  184. 
NOZZLE  COOLANT  DT  5*4 . 
CHAMBER  0  (HYDROGEN  COOLED)  4194. 
NOZZLE  0  (OXYGEN  COOLED)  25  74. 


ENGINE 

STATION 

CONDITIONS 

•  FUEL 

SYSTEM  CONDITIONS  • 

STATTON 

PRESS 

TE?r 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.4 

57.4 

2.24 

-107.5 

4.37 

B.P.  EXIT 

100.8 

58.5 

2.24 

-103.0 

4.31 

PUMP  INLET 

100.8 

58.5 

2-24 

-103.0 

4.39 

1ST  STAGE  EXIT 

1705.5 

44.5 

2.24 

5.1 

4.33 

PUMP  EXIT 

5254.5 

88 .4 

2.24 

111.2 

4.32 

COOLANT  INLET 

5225.1 

88.7 

2.24 

III. 2 

4.31 

COOLANT  EXIT 

2714.4 

578.5 

2.24 

l*»8a.  1 

0.82 

TBV  INLET 

2744.7 

578.5 

0.11 

1188.1 

0.81 

TBV  EXIT 

1527.4 

584.5 

0.11 

I  *88 . 1 

0.44 

HZ  TRB  IH.ET 

2744.7 

578.5 

2.12 

1188. 1 

0.81 

M2  TRB  EXIT 

1407.8 

522.2 

2.12 

1742.7 

0.54 

M2  TRB  DIFFUSER 

1578.5 

522.5 

2.12 

1742.7 

0.55 

M2  BST  TRB  IN 

1542.8 

522.3 

2.12 

1742.7 

0.53 

H2  BST  TRB  OUT 

1542.2 

521.2 

2.12 

1757.1 

0.52 

H2  BST  TRB  DIFF 

1527.4 

521.2 

2.12 

1757.1 

0.52 

M2  TANK  PRESS 

18.4 

530.5 

0.0034 

1741.4 

0.0044 

FSOV  INLET 

J527.4 

524.4 

2.25 

1741.4 

0.51 

FSOV  EXIT 

1484.2 

524.5 

2.25 

17*1.4 

0.50 

CHAMBER  1NJ 

1474.5 

524.4 

2.25 

1741.4 

0.50 

CHAMBER 

1571.2 

•  OXYGEN  SYSTEM  CONDITIONS 

. 

STATION 

PRESS 

TE7*» 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

13.4 

41.1 

71.17 

B.P.  EXIT 

1J5.4 

143.2 

13.4 

4)  .5 

71.20 

PUMP  INLET 

155.4 

145.2 

13.4 

41.5 

71  .20 

PUMP  EXIT 

4844.4 

288.4 

13.4 

71.  1 

71.57 

COOLANT  INLET 

4814.2 

188.4 

15.4 

71.1 

71.50 

COOLANT  EXIT 

4450.0 

752.7 

13. 4 

271 .0 

14.91 

OTBV  INLET 

4450.0 

752.7 

0.4 

271.0 

14.91 

OTBV  EXIT 

2515.4 

735.0 

0.4 

271.0 

9.19 

02  TRB  INLET 

4450.0 

752.7 

11.5 

271.0 

14.91 

02  TRB  EXIT 

2514.1 

454.8 

II  .5 

250.4 

11 .38 

02  TRB  DIFFUSER 

2515.4 

453.1 

11.5 

250.4 

10.54 

02  BST  TRB  IN 

4450.0 

752.7 

1.5 

271.0 

14.91 

02  BST  TRB  OUT 

4518.2 

737.4 

1.3 

247.0 

17.22 

02  BST  TRB  DIFF 

4514.8 

737.4 

1.5 

2*7.0 

17.21 

OBTV  INLET 

4514.8 

757  .4 

1 . 5 

2*7 . 0 

17.21 

OB Tv  EXIT 

2513.4 

718  .8 

1 . 3 

2*7.0 

9.45 

MIXER 

2515.4 

443.1 

13.4 

253.0 

10.34 

02  tank  press 

14.0 

414.8 

0.015 

253.0 

0.08 

OCV  INLET 

2117.7 

442.3 

13.4 

253.0 

9.88 

OCV  EXIT 

1558.4 

452.0 

13.4 

253.0 

7.09 

CHAMBER  INJ 

1525.0 

451.7 

15.4 

253.0 

7.02 

CHAMBER 

1571.2 

• 

VALVE  DATA  • 

VALVE 

DELTA  p 

AREA 

FLOW 

X  BYPASS 

OTBV 

2317. 

0.01 

0.40 

5.00 

TBV 

1234. 

0.01 

0.1! 

o 

o 

FSOV 

IS. 

0.74 

2.23 

OBTV 

2283. 

0.01 

1.34 

OCV 

444. 

0.25 

13.31 

• 

INJECTOR 

DATA  • 

Injector 

DEL  TA  P 

AREA 

FLOW 

VTLOCITY 

FUEL 

101 . 

0.47 

2.23 

12  14 

l  GX 

152  . 

C  *1 

i  s .  :i 

42*  SI 

132 


TABLE  19.  —  DUAL-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TuPBOMAOr^ftY  PERFORMANCE  DATA  ■ 


»  nr  boost  turbine  • 

»  H2  BOOST 

PlR*>  ■ 

EFFICIENCY  (T/T) 

0.702 

EFFICIENCY 

0.745 

EFFICIENCY  (T/S) 

0.356 

HORSEPOWER 

14. 

SPEED  IRPM) 

75466. 

SPEED  IRPM) 

754*6. 

MEAN  D1 A  (  IN) 

0.82 

S  SPEED 

3045. 

EFF  AREA  (1N2) 

0.9<; 

HEAD  (FT) 

2701- 

U/C  (ACTUAL ) 

0.553 

D1A.  UN) 

1 .33 

MAX  TIP  SPEED 

X94. 

TIP  SPEED 

439. 

STAGES 

1 

VOL.  FLOW 

229. 

GANNA 

1  .39 

HEAD  COEF 

0.450 

press  Ratio  (t/tj 

1.01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.03 

HORSEPOWER 

14. 

EXIT  MACH  NUMBER 

o.n 

SPECIFIC  SPEED 

143.67 

SPECIFIC  DIAMETER 

O.SI 

■  K2  TURBINE  •  •  H2  PUMP  ■ 


STAGE  ONE  STAGE  Two 


EFFICIENCY 

(T/T) 

0. 786 

EFFICIENCY 

0.627 

*  0.631 

EFFICIENCY 

(T/S) 

Q.7S4 

horsepower 

345 » 

333 . 

SPEED 

IRPM) 

187500. 

SPEED  (RPM) 

187500 . 

187500. 

HORSEPO-ER 

677. 

SS  SPEED 

9304. 

MEAN  DIA. 

( IN) 

2.11 

S  SPEED 

816. 

833. 

EFF  AREA 

( IN2 ) 

0.13 

HEAD  (FT) 

53103  - 

51706. 

U/C  (ACTUAL) 

0.513 

DIA.  (IN) 

2.22 

2.22 

MAX  TIP  SPEED 

1800. 

TIP  SPEED 

1818. 

1818. 

STAGES 

1 

VOL.  FLOW 

2X2. 

232. 

GAMMA 

1  .39 

HEAD  COEF 

0.517 

0.503 

PRESS  RATIO 

(T/T) 

1.72 

Flow  coef 

0.098 

PRESS  RATIO 

(T/S) 

1  .  76 

DIAMETER  RATIO 

0.X32 

EXIT  MACH  NUMBER 

0.16 

BEARING  DN 

3.00E*06 

SPECIFIC  SPEED 

34.00 

SHAFT  DIAMETER 

16.00 

SPECIFIC  DIAMETER 

2.10 

•  02  BOOST  TURBINE  ■ 

Ml 

M 

02  BOOST  PU**>  ■ 

EFFICIENCY 

(T/T) 

0.798 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.752 

HORSEPOCR 

8. 

SPEED 

(RPM) 

20189. 

SPEED  (RPM) 

20189. 

MEAN  DU 

( IN) 

2.83 

S  SPEED 

3026. 

EFF  AREA 

(IN2) 

0.08 

MEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

1.49 

MAR  TIP  SPEED 

263. 

TIP  SPEED 

152. 

STAGES 

1 

VOL.  FLOW 

85. 

GAMMA 

l  .60 

MEAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

horsepower 

8. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

4  1  .  74 

SPECIFIC  DIAMETER 

1  .85 

*  02  TURBINE  ■  ■  02  PUMP  • 


EFFICIENCY 

(T/T) 

0.811 

EFFICIENCY 

0.693 

EFFICIENCY 

(7/S) 

0.697 

HORSEPOWER 

335. 

SPEED 

(RPM) 

156345. 

SPEED  (RPM) 

156345. 

HORSEPOWER 

335. 

SS  SPEED 

28091. 

MEAN  0 I A 

(  IN) 

0.82 

S  SPEED 

1488. 

EFF  AREA 

(  IN2  ) 

0.12 

HEAD  (FT) 

9514. 

U/C  (ACTUAL ) 

0.553 

DIA.  UN) 

1.22 

MAX  TIP  SPEED 

648. 

TIP  SPEED 

835. 

STAGES 

1 

VOL.  FLOW 

84. 

GAMMA 

1  .60 

HEAD  COEF 

0.439 

PRESS  RATIO 

(T/T  ) 

1  .84 

FLOW  COEF 

0.138 

PRESS  RATIO 

IT/S) 

2.06 

DIAMETER  RATIO 

0.669 

EXIT  mach  NUMBER 

0.33 

BEARING  ON 

1 .56E»06 

SPECIFIC  SPEED 

85 . 30 

SHAFT  DIAMETER 

10.00 

SPECIFIC  DIAMETER 

0. 96 
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TABLE  20. 


.  —  DUAL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 
TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1218.  S 

VAC  ENGINE  TWJUST 

15000. 

TOTAL  ENGlVC  FLOW  RATE 

31  .26 

DEL-  VAC.  I SR 

*79. 9 

TV#? OAT  AREA 

6.01 

NCJ.i_£  AREA  ft*. '  10 

1000. 0 

NOZZLE  EXIT  DIAMETER 

87.66 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C- 

0.993 

CHAMBER  COOLANT  DP 

399. 

CHAMBER  COOLANT  DT 

396. 

NOZZLE  COOLANT  DP 

212. 

NOZZLE  COOLANT  DT 

639. 

CHAMBER  Q  (HYDROGEN  COOLED  I 

6797. 

NOZZLE  0  (OXYGEN  COOLED) 

6210. 

ENGI>€  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P .  INLET 

18.6 

37.6 

4.47 

-107.5 

6.37 

B.P.  EXIT 

100. B 

38.5 

4.47 

-103.0 

6.39 

PUMP  INLET 

100.8 

38.5 

4.47 

-103.0 

6.39 

1ST  STAGE  EXIT 

1659.8 

56.9 

4.47 

-20.2 

6.66 

PUMP  EXIT 

2816.1 

76.6 

4.47 

61.5 

4.69 

COOLANT  INLET 

2786.0 

76.8 

4,47 

61.5 

4.47 

COOLANT  EXIT 

2386.6 

669.3 

4.47 

1580.9 

0.84 

T8V  INLET 

2362.7 

669.6 

0.22 

1580.9 

0.85 

TBV  EXIT 

1357.6 

673.2 

0.22 

1580.9 

0.51 

M2  TRB  IVCXT 

2362.7 

669.4 

4.25 

1580.9 

0.85 

M2  TRB  EXIT 

1460.9 

626.3 

4.25 

1407.8 

0.59 

M2  TRB  DIFFUSER 

1607. I 

626.6 

4.25 

1407.8 

0.S8 

M2  BST  TRB  IN 

1393.0 

626.6 

6.25 

1407.8 

0.58 

H2  BST  TRB  OUT 

1371.8 

625.2 

6.25 

1403.0 

0.57 

M2  BST  TRB  DIFF 

1357.6 

625.2 

6.25 

1403.0 

0.56 

M2  TA>*  PRESS 

18.6 

631.1 

0.0083 

1411.9 

0.0081 

FSOV  INLET 

1357.6 

627.6 

6.67 

1411.9 

0.56 

FSOV  EXIT 

1323.7 

627.7 

6.67 

16 1 1 . 9 

0.55 

CHAMBER  IWJ 

1310.5 

627.8 

6.47 

1611.9 

0.56 

CHAMBER 

1218.5 

■  OXYGEN  SYSTEM 

CONDITIONS 

a 

STATION 

PRESS 

TEMP 

flow 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

24.8 

61.1 

71.17 

B.P.  EXIT 

135.6 

163.2 

26.8 

61.5 

71.28 

PUMP  INLET 

135.6 

163.2 

24.8 

61.5 

71.20 

PUMP  EXIT 

5031.7 

187.5 

26.8 

79.0 

71.86 

COOLANT  INLET 

6981.3 

187.7 

26.8 

79.0 

71.76 

COOLANT  EXIT 

6769.6 

626.6 

26.8 

235.9 

21.59 

0T8V  I  ►LET 

6769.6 

626.6 

1.2 

235.9 

21.59 

OTBV  EXIT 

2056.5 

596.0 

1.2 

235.9 

10.60 

02  TRB  INLET 

6769.6 

626.6 

22.9 

235.9 

21.59 

02  TRB  EXIT 

2268.6 

523.0 

22.9 

215.6 

13.93 

02  TRB  DIFFUSER 

2056.5 

518.3 

22.9 

215.6 

12.77 

02  BST  TRB  IN 

6769.6 

626.4 

2.7 

235.9 

21.59 

02  BST  TRB  OUT 

6730.5 

611.8 

2.7 

231.9 

22.07 

02  8ST  TRB  DIFF 

4728 . 9 

6)1.8 

2.7 

231.9 

22.07 

OBTV  INLET 

6728.9 

611.8 

2.7 

231.9 

22.07 

OBTV  EXIT 

2056.5 

578.5 

2.7 

231-9 

10.96 

MIXER 

2056.5 

527.4 

26.8 

2)8.0 

12.45 

02  7A*#C  PRESS 

16.0 

460.5 

0.039 

218.0 

0.10 

OCV  INLET 

1953.6 

525.1 

26.8 

218.0 

1  1  89 

OCV  EXIT 

1367.5 

510.0 

24.8 

218.0 

8.55 

CHAMBER  INJ 

1353.9 

509.6 

26.8 

218.0 

8.47 

CHAMBER 

1218.5 

■  VALVE  DATA  ■ 

VALVE 

DELTA  P 

AREA 

flow 

X  BYPASS 

OTBV 

2713. 

0.01 

1.21 

5.00 

TBV 

1005. 

0.01 

0.22 

5.00 

FSOV 

36. 

1.51 

6.47 

OBTV 

2672. 

0.02 

2.68 

OCV 

586. 

0.48 

26.79 

- 

INJECTOR  DATA  a 

INJECTOR 

DELTA  P 

AREA 

flow 

velocity 

FUEL 

92. 

0.96 

4.47 

1 159. 15 

LOX 

135. 

1  .  18 

26.79 

366  .80 

1M 


TABLE  20.  —  DUAL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


■  TURBOMACHINERY  PERFORMANCE  DATA  » 


•  K2  BOOST  TURBINE  • 

•  M2  BOOST  Pl*P 

• 

EFFICIENCY  IT/T ) 

0.740 

EFFICIENCY 

0.745 

EFFICIENCY  (T/S) 

0.391 

HORSEPOWER 

29. 

SPEED  (RPM) 

53342 . 

SPEED  (RPM) 

53342. 

MEAN  DIA  (IN) 

1.16 

S  SPEED 

30«4 

EFF  AREA  (IW2) 

1.77 

HEAD  (FT) 

2700. 

U/C  (ACTUAL) 

0.551 

DIA.  (IN) 

1.89 

MAX  TIP  SPEED 

390. 

TIP  SPEED 

439. 

STAGES 

1 

vol.  flow 

457. 

GANU 

1  .40 

HEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.02 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.03 

HOP SEP ONER 

29. 

EXIT  MACH  NUMBER 

0.12 

SPECIFIC  SPEED 

147.44 

SPECIFIC  DIAMETER 

0.52 

■  H2  TURBINE  » 

■  H2  PUMP  • 

STAGE  0*C  STAGE  TWO 


EFFICIENCY  (T/T) 

0.812 

EFFICIENCY 

0.484 

0.487 

EFFICIENCY  (T/S) 

0.747 

HORSEPOWER 

524. 

517. 

SPEED  (RPM) 

234343. 

SPEED  (RPM) 

136363. 

136363. 

HORSEPOhCR 

1041  . 

SS  SPEED 

9574. 

MEAN  DIA.  (IN) 

2.74 

S  SPEED 

951. 

955. 

EFF  AREA  (IN2) 

0.28 

HEAD  (FT) 

44223- 

43454. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.79 

2.79 

MAX  TIP  SPEED 

1713. 

TIP  SPEED 

1659. 

1459. 

STAGES 

1 

VOL.  FLOW 

452. 

447. 

GAMMA 

1.40 

HEAD  COEF 

0.517 

0.511 

PRESS  RATIO  (T/.T) 

1.64 

FLOW  COEF 

0.107 

PRESS  RATIO  (T/S) 

1.69 

DIAMETER  RATIO 

0.371 

EXIT  MACH  NUMBER 

0.19 

BEARING  DN 

3 . 00E*06 

SPECIFIC  SPEED 

41  .25 

SHAFT  DIAMETER 

22.00 

SPECIFIC  DIAMETER 

1  .89 

•  02  BOOST  TURBINE  « 

*i 

■ 

■  < 

02  BOOST  PUT*  • 

EFFICIENCY  (T/T) 

0.807 

EFFICIENCY 

0.764 

EFFICIENCY  (T/S) 

0.745 

HORSEPOWER 

IS. 

SPEED  (RPM) 

14272. 

SPEED  (RPM) 

14272. 

MEAN  DIA  UN) 

4.01 

S  SPEED 

3024. 

EFF  AREA  (IN2) 

0.14 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.11 

MAX  TIP  SPEED 

241. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

149, 

GAMMA 

1.73 

HEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

HORSfPOCR 

15. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

38.01 

SPECIFIC  DIAMETER 

2.04 

*  02  TURBINE  ■ 

•  02  PUMP  • 

EFFICIENCY  (T/T) 

0.830 

EFFICIENCY 

0.717 

EFFICIENCY  (T/S) 

0.722 

HORSEPOWER 

447. 

SPEED  (RPM) 

110421. 

SPEED  (RPM) 

110421. 

horsepower 

667. 

SS  SPEED 

28065. 

MEAN  DIA  (1N) 

1.16 

S  SPEED 

1450. 

EFF  AREA  UN2) 

0.20 

HEAD  (FT) 

9811. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

1-73 

MAX  TIP  SPEED 

640. 

TIP  SPEED 

834. 

STAGES 

1 

VOL.  flow 

168. 

GNMA 

1.73 

HEAD  COEF 

0.454 

PRESS  RATIO  CT/T) 

2. 10 

FLOW  COEF 

0.136 

PRESS  RATIO  l T/S  ) 

2.40 

DIAMETER  RATIO 

0.469 

EXIT  MACH  NUMBER 

0.35 

BEARING  DN 

1  .5SE-04 

SPECIFIC  SPEED 

81.48 

Shaft  diameter 

14.00 

SPECIFIC  DIAMETER 

1.01 
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TABLE  21.  —  DUAL-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 


ENG  I  ME  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1158. 7 

VAC  £NG1»C  TX)UST 

25000. 

total  engine  flow  rate 

52.10 

DEL.  VAC.  ISP 

TXiOAT  AREA 

10.52 

NOZZLE  AREA  RATIO 

1000.0 

I.JZZLE  EXIT  UlATtTER 

115.7k 

engine  mixture  ratio 

A.  00 

ETA  C» 

0.**  3 

CHAMBER  COOLANT  DP 

335. 

CHAMBER  COOLANT  DT 

347. 

NOZZLE  COOLANT  OP 

233. 

NOZZLE  COOLANT  DT 

373. 

CHAMBER  0  (HYDROGEN  COOLED) 

9458. 

NOZZLE  0  I OXYGEN  COOLED) 

*21*. 

ENGINE  STATION  CONDITIONS 


■  fuel  system  conditions  * 


STATION 

PRESS 

TEJ8» 

FLOW 

ENTHALPY 

DENSITY 

8.P.  INLET 

IB. A 

37.4 

7.44 

-107.5 

4.37 

B.P.  EXIT 

100.5 

38.5 

7.44 

-103.0 

4.39 

PUMP  INLET 

100.5 

38.5 

7.44 

-103.0 

4.39 

1ST  STAGE  EXIT 

1274. S 

52.3 

7.44 

-37.0 

4.50 

PUMP  EXIT 

2470.4 

45.7 

7.44 

29.0 

4.59 

COOLANT  INLET 

2445. 7 

44.0 

7.44 

29.0 

4.57 

COOLANT  EXIT 

2110.5 

<13.4 

7.44 

1345.4 

0.87 

TBV  INLET 

2089.4 

413.5 

0.37 

1345.4 

0.84 

TBV  EXIT 

1291.4 

415.7 

0.37 

1345.4 

0.55 

H2  TRB  I*_£T 

2089.4 

413.5 

7.09 

2345.4 

0.85 

M2  TRB  EXIT 

1377.3 

379.4 

7.09 

1224.4 

0.44 

M2  TRB  DIFFUSER 

13M.5 

379.7 

7.09 

1224.4 

0.42 

M2  BST  TRB  IN 

1325. 1 

379.7 

7.09 

1225.4 

0.42 

H2  BST  TRB  OUT 

1304.8 

378  .5 

7.09 

1221.8 

0.41 

M2  BST  TRB  DIFF 

1291.4 

378.5 

7.09 

1221 .8 

0.50 

HT  TANK  PRESS 

1*.  4 

382.2 

0.0157 

1229.0 

0.0092 

FSOV  INLET 

1291.4 

380.4 

7.44 

1229.0 

0.50 

FSOV  EXIT 

1259.1 

380.4 

7.44 

1229.0 

0.59 

CHAMBER  INJ 

1244.5 

380.5 

7.44 

1229.0 

0.58 

CHAMBER 

1158.7 

•  OXYGEN  SYSTEM  CONDITIONS 

■ 

STATION 

PRESS 

TEMP 

FLON 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

44.7 

41.1 

71.17 

B.P.  EXIT 

135.4 

143.2 

44.7 

51 .5 

71.20 

PUMP  INLET 

135.4 

143.2 

44.7 

41.5 

71.20 

PUMP  EXIT 

4749.4 

184.9 

44.7 

77.5 

71.98 

COOLANT  INLET 

4782.1 

185.1 

44.7 

77.5 

71.91 

COOLANT  exit 

4449.5 

558.1 

44.7 

214.5 

23.78 

OTBV  INLET 

4449.5 

558.1 

2.0 

214.5 

23.78 

OTBV  EXIT 

1955.8 

519.9 

2.0 

214.5 

12.07 

02  TRB  I*t.ET 

4449.5 

558.1 

38.2 

214.5 

23.78 

02  TRB  EXIT 

2154.8 

440.9 

38.2 

197.7 

14.13 

02  TRB  DIFFUSER 

1955.0 

455.3 

38.2 

197.7 

14.84 

02  BST  TRB  IN 

4449.5 

558.1 

4.5 

215.5 

23.78 

02  BST  TRB  OUT 

4430.4 

544,5 

4.5 

212.4 

24.41 

02  BST  TRB  DIFP 

4429.0 

544.5 

4.5 

212.4 

24.41 

OB TV  INLET 

4429.0 

544.$ 

4.5 

212.4 

24.41 

OBTV  EXIT 

1955.0 

505.5 

4.5 

212.4 

V2.57 

MIXER 

1955.0 

442.5 

44.7 

200.0 

14.4< 

02  TANK  PRESS 

14.0 

37B.4 

0.080 

200.0 

0.13 

ocv  inlet 

1857 . 3 

459.7 

44.7 

200.0 

13.82 

OCV  EXIT 

1300.1 

441.4 

44.7 

200.0 

10.00 

CHAMBER  INJ 

1287.1 

440.9 

44.7 

200.0 

9.91 

CHAMBER 

1158. 7 

■ 

VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOW 

%  BYPASS 

OTBV 

2514. 

0.32 

2.01 

5.00 

TBV 

798 . 

0.03 

0.37 

5.00 

FSOV 

32. 

2.49 

7.44 

OBTV 

2474. 

0.04 

4.47 

OCV 

557. 

0.  74 

44.45 

• 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  P 

AREA 

FLON 

VELOCITY 

FUEL 

88. 

1.58 

7.44 

1093. »3 

LOX 

128- 

l  .87 

44.45 

330. 17 
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TABLE  21.  —  DUAL-EXPANDER  ENGINE  -  25,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


•  TURBOMACHINERY  PERFORMANCE  DATA  • 


■  H2  BOOST  TURBIfC  ■ 

• 

M2 

BOOST 

• 

EFFICIENCY  (T/T) 

0.824 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.434 

HORSEPOWER 

48. 

SPEED  (RPM) 

41240. 

SPEED 

(RPM)  4)240. 

MEAN  DIA  (IN) 

1 .45 

S  SPEED 

3049. 

EFF  AREA  CIN2) 

2.93 

►CAD 

(FT) 

2490. 

U/C  (ACTUAL) 

0.534 

01  A. 

UN) 

2.44 

MAX  TIP  SPEED 

374 . 

TIP  SPEED 

439. 

STAGES 

1 

VOL. 

FLOW 

743. 

GAmA 

1.41 

HEAD 

COEF 

0.450 

PRESS  RATIO  (T/T) 

1.02 

FLOW 

COEF 

0.201 

PRESS  RATIO  (T/S) 

1.03 

HORSEPOWER 

48. 

EXIT  MACH  NUMBER 

0.13 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  DIAMETER 

o.s? 

•  H2  TURBINE  ■ 

■ 

a 

K2  PUMP  • 

STAGE  OC 

STAGT  T VO 

EFFICIENCY  CT/T) 

0.870 

EFFICIENCY 

0.738 

0.734 

EFFICIENCY  (T/S) 

0.801 

horsepower 

497. 

494. 

SPEED  (RPM) 

12S000. 

SPEED  (RPM) 

I2SOOO. 

125000. 

HORSEPOWER 

1393. 

SS  SPEED 

1)341. 

MEAN  DIA.  (IN) 

2.47 

S  SPEED 

1255. 

1245. 

EFF  AREA  (IN2) 

0.S1 

HEAD  (FT) 

37909. 

37811. 

U/C  (ACTUAL? 

0.SS3 

DIA.  (IN) 

2.89 

2.89 

rlAX  TIP  SPEED 

1S77 . 

TIP  SPEED 

1ST*. 

1577. 

STAGES 

1 

VOL.  FLOW 

744. 

730. 

GAMU 

1.4) 

►Cad  coef 

0.490 

0.489 

PRESS  RATIO  (T/T) 

1.S2 

FLOW  COEF 

0.124 

PRESS  RATIO  (T/S) 

1.S8 

DIAMETER  RATIO 

0.434 

EXIT  MACH  NUMBER 

0.22 

BEARING  DN 

3 

.  0QE»04 

SPECIFIC  SPEED 

S7.47 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIAMETER 

1.42 

■  02  BOOST  TURBIKC  ■ 

•  i 

• 

■  ■ 

■  ■■ 

02 

BOOST  PUW» 

•a 

a 

■  a 

EFFICIENCY 

(T/T) 

0.847 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.803 

HORSEPOWER 

24. 

SPEED 

(RPM) 

11053. 

SPEED  (RPM) 

11053 . 

»CAN  DIA 

(IN) 

5.17 

S  SPEED 

3024. 

EFF  AREA 

CIM2) 

0.22 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.72 

MAX  TIP  SPEED 

241. 

TIP  SPEED 

132. 

STAGES 

I 

VOL.  FLOW 

282. 

GA781A 

i.es 

HEAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S  1 

1.01 

HORSEPOWER 

24. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

38.43 

SPECIFIC  DIAMETER 

2.04 

•  02  TURBINE  ■ 

•  02  PUMP 

■ 

EFFICIENCY 

(T/T) 

0.877 

EFFICIENCY 

0.737 

EFFICIENCY 

(T/S) 

0.744 

HORSEPOWER 

10)8. 

SPEED 

(RPM) 

82933. 

SPEED  (RPM) 

82933. 

HORSEPOWER 

1018. 

SS  SPEED 

27218. 

MEAN  DIA 

(IN) 

1.48 

S  SPEEO 

1471. 

EFF  AREA 

(IN2) 

0.33 

►cad  cm 

9227. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

2.22 

MAX  TIP  SPEED 

412. 

TIP  SPEED 

804. 

STAGES 

1 

VOL.  FLOW 

279. 

GNMA 

1  .85 

HEAD  COEF 

0.459 

PRESS  RATIO 

(T/T) 

2.07 

FLOW  COEF 

0.137 

PRESS  RATIO 

(T/S) 

2.37 

DIAMETER  RATIO 

0.471 

EXIT  MACH  NUMBER 

0.35 

BEARING  ON 

1 .44E'04 

SPECIFIC  SPEED 

83.48 

SHAFT  DIAMETER 

18.00 

SPECIFIC  DIAMETER 

1.0) 
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TABLE  22.  —  DUAL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 

ENGINE  PERFORMANCE  PaRA^TERS 


CHAMBER  presswe 

1075.9 

VAC  ENGINE  T»*UST 

57500. 

TOTAL  ENGItC  FLOW  RATE 

78 . 15 

DEL.  VAC.  ISP 

479. 9 

THROAT  AREA 

14. ft 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DlAfCTE* 

147 . Of 

ENGINE  MIXTURE  RATIO 

4.00 

ETA  C* 

0.993 

CHAMBER  COOLANT  OP 

279. 

CHAMBER  COOLANT  DT 

517. 

NOZZLE  COOLANT  DP 

2<0. 

NOZZLE  COOLANT  DT 

524. 

CHAMBER  0  (HYDROGEN  COOLED) 

1 3588 . 

NOZZLE  Q  (OXYGEN  COOLED) 

8  3  78. 

ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TQf> 

FLOM 

ENTHALPY 

DENSITY 

B.P.  INLET 

IB. 4 

37.4 

11.19 

-107.5 

4.37 

B.P.  EXIT 

100.3 

38.5 

n.i9 

-103.0 

4.39 

PUMP  INLET 

100.5 

38.5 

11.19 

-103.0 

4.39 

1ST  STAGE  EXIT 

1139.0 

50.0 

11.19 

-44.5 

4.51 

PUH>  EXIT 

2200.4 

41.2 

11.19 

10.2 

4.41 

COOLANT  INLET 

2178.4 

41.4 

11.19 

10.2 

4.59 

COOLANT  EXIT 

1899.3 

378.0 

11.19 

1224.4 

0.84 

TBV  INLET 

1880.3 

378.0 

0.54 

1224.4 

0.85 

TBV  EXIT 

1197.8 

379.4 

0.54 

1224.4 

0.54 

H2  TRB  INLET 

1880.3 

378.0 

10.43 

1224.4 

0.85 

H2  TRB  EXIT 

1284.1 

349.2 

10.43 

1105.4 

0.45 

H2  TRB  DIFFUSER 

1243.7 

349.2 

10.43 

1105.4 

0.43 

H2  BST  TRB  IN 

1231.3 

349.2 

10.43 

1105.4 

0.43 

H2  BST  TRB  OUT 

1211.1 

348.1 

10.43 

1100.4 

0.42 

H2  BST  TRB  DIFF 

1197.8 

348.1 

10.43 

1100.4 

0.41 

M2  TANK  PRESS 

18.4 

350.3 

0.0257 

1104.8 

0.0100 

FSOV  INLET 

1197.8 

349.7 

11.14 

1104.8 

0.41 

FSOV  EXIT 

1147.9 

349.7 

11.14 

1104.8 

0.59 

CHAMBER  IMJ 

1154.2 

349.7 

11.14 

1)04.8 

0.59 

CHAMBER 

1075.9 

■  OXYGEN  SYSTEM 

CONDITION 

• 

STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

47.1 

41.1 

71.17 

B.P.  EXIT 

135.4 

143.2 

47.1 

41.5 

71.20 

PUff*  INLET 

135.4 

143.2 

47.1 

41.5 

71.20 

PUMP  EXIT 

4440.2 

183.4 

47.1 

74.9 

72.08 

COOLANT  INLET 

4S93.8 

183.8 

47.1 

74.9 

72.01 

COOLANT  EXIT 

4553.9 

589.5 

47.1 

201.7 

24.47 

OTBV  INLET 

4353.9 

509.5 

3.0 

201.7 

24.47 

OTBV  EXIT 

1815.9 

444.2 

3.0 

201.7 

13.30 

02  TRB  INLET 

4353.9 

509.5 

57.4 

201.7 

24.47 

02  TRB  EXIT 

20)4.) 

414.3 

57.4 

183.4 

18.20 

02  TRB  DIFFUSER 

1815.9 

409.8 

57.4 

183.4 

14.70 

02  BST  TRB  IN 

4353.9 

509.5 

4.7 

201.7 

24.47 

02  BST  TRB  OUT 

4312.4 

494.8 

4.  7 

197.4 

27.23 

02  BST  TRB  DIFF 

4310.9 

494.8 

4.7 

197.* 

27.22 

08TV  INLET 

4310.9 

494.8 

4.7 

197.4 

27.22 

OBTV  EXIT 

1815.9 

450.9 

4.7 

197.4 

13.93 

MIXER 

1815.9 

415. B 

47.0 

185 .  • 

14.19 

02  TA>#C  PRESS 

14.0 

313.7 

0.144 

IBS. 9 

O.IS 

OCV  INLET 

1725.1 

412-4 

47.0 

185.9 

15.49 

OCV  EXIT 

1207.4 

391.5 

47.0 

185.9 

11.27 

CHAMBER  INJ 

1195.5 

390.9 

47.0 

185-9 

11.17 

CHAMBER 

1075.9 

■  VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOM 

X  BYPASS 

OTBV 

2538 . 

0.03 

3.02 

5.00 

TBV 

483. 

0.04 

0.54 

5.00 

FSOV 

30. 

3.84 

11.14 

OBTV 

2495. 

0.04 

4.71 

OCV 

518. 

1.12 

44.98 

• 

INJECTOR 

DATA  ■ 

INJECTOR 

delta  p 

AREA 

FLOM 

velocity 

FUEL 

BO. 

2.44 

11-14 

1034. *0 

LOX 

120. 

2.74 

44.98 

300.13 
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TABLE  22. 


.  —  DUAL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 
TUBE  CHAMBER)  (CONTINUED) 


■  T UR BOHACH 1  HER Y  PERFORMANCE  DATA  ■ 


■  H2  BOOST  TURBINE  *  ■  K2  BOOST  PUMP  ■ 


EFFICIENCY 

EFFICIENCY 

SPEED 

>CA N  D1A 

(T/T  ) 

IT/S) 

(RPM) 

UN) 

0.824 

0.445 

55452. 

1.74 

EFFICIENCY 

HORSEPOWER 

SPEED  (RPM) 

S  SPEED 

0.744 

71. 
33432. 
SOS  I  . 

EFF  AREA 

(1N2) 

4.5* 

►CAP  (FT) 

2484. 

U/C  (ACTUAL) 

0.530 

DIA.  (IN) 

2.98 

MAX  Tip  SPEED 

573. 

TIP  SPEED 

458. 

STAGES 

1 

VOL.  FLOW 

1144. 

GAMMA 

1.37 

►CAD  COEF 

0.4S0 

PRESS  RATIO 

(T/T) 

1.02 

FLOW  COEF 

0.201 

PRESS  RATIO 

(T/S) 

1.03 

HORSEPOWER 

71 . 

EXIT  MACH  NUMBER 

0.13 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  DIAMETER 

0.S2 

■  H2  TURBINE  • 

»  K2  PUM>  • 

STAGE  ONE 

STAGE  TWO 

EFFICIENCY 

(T/T) 

0.884 

EFFICIENCY 

0.740 

0.759 

EFFICIENCY 

(T/S) 

0.799 

MORSEPOhCR 

895. 

898. 

SPEED 

(RPM) 

107145. 

SPEED  (RPM) 

107143. 

107143. 

HORSEPOWER 

1793. 

SS  SPEED 

11948. 

►CAN  DIA. 

(IN) 

2.89 

S  SPEED 

1444. 

1429. 

EFF  AREA 

(IN2) 

0.83 

►CAD  (FT) 

53431. 

33485. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

3.22 

3.22 

MAX  TIP  SPEED 

1488. 

TIP  SPEED 

1508. 

1508. 

STAGES 

1 

VOL.  FLOW 

1113. 

1090. 

GAMMA 

I. 57 

HEAD  COEF 

0.473 

0.474 

PRESS  RATIO 

(T/T) 

1.44 

FLOW  COEF 

0.134 

PRESS  RATIO 

(T/S) 

1.53 

DIAMETER  RATIO 

0.471 

EXIT  MACH  NUMBER 

0.23 

BEARING  ZM 

3.00£*04 

SPECIFIC  SPEED 

47-54 

SHAFT  DIWCTER 

28.00 

SPECIFIC  DIAMETER 

1.25 

■  02  BOOST  TURBINE  *  *  02  BOOST  PUTC  ■ 


EFFICIENCY 

CT/T) 

0.853 

EFFICIENCY 

0.744 

EFFICIENCY 

( T/S  1 

0.810 

MORSEPOkCR 

39. 

SPEED 

(RPM) 

9023. 

SPEED  (RPM) 

9023. 

MEAN  DIA 

(IN) 

4.34 

S  SPEED 

3024. 

EFF  AREA 

UN2) 

0.31 

►CAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (ZN) 

3.34 

MAX  TIP  SPEED 

240. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

423. 

GAMMA 

1.95 

►CAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

39. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

37.44 

SPECIFIC  DIAMETER  2-12 


•  02  TURBINE  ■  ■  02  PUMP  - 


EFFICIENCY 

EFFICIENCY 

SPEED 

(T/T) 

(T/S) 

(RPM) 

0.887 

0. 774 

44485. 

EFFICIENCY 

►ORSEPOWER 

SPEED  (RPM) 

0.751 

1443. 

44485. 

HORSEPOWER 

1443. 

SS  SPEED 

24810. 

►CAN  DIA 

.  UN) 

1.80 

S  SPEED 

1474. 

EFF  AREA 

(  IN2) 

0.48 

►CAD  (FT) 

8994. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.71 

MAX  TIP  SPEED 

598. 

TIP  SPEED 

790. 

STAGES 

1 

VOL.  FLOW 

418. 

GAMMA 

1.95 

HEAD  COEF 

0.444 

PRESS  RATIO 

(T/T) 

2.14 

FLOW  COEF 

0.138 

PRESS  RATIO 

(T/S) 

2.49 

DIAMETER  RATIO 

0.472 

EXIT  MACH  NUMBER 

0.34 

BEARING  ON 

1 .47E*04 

SPECIFIC  SPEED 

83.50 

SHAFT  DIAMETER 

22.00 

SPECIFIC  DIAMETER 

1.02 

TABLE  23.  —  DUAL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER) 

ENG1K  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

10*2.4 

VAC  ENGINE  THRUST 

soooo. 

TOTAL  ENGINE  FLOW  RATE 

106.20 

DEL.  VAC.  ISP 

67*. 8 

THROAT  AREA 

23.37 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

172.52 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C« 

0.993 

CHAMBER  COOLANT  DP 

243. 

CHAMBER  COOLANT  OT 

2*6 . 

NOZZLE  COOLANT  DP 

263. 

NOZZLE  COOLANT  DT 

306. 

CHAMBER  0  (HYDROGEN  COOLED) 

16868. 

NOZZLE  0  (OXYGEN  COOLED) 

10506. 

ENGINE  STATION  CONDITIONS 


»  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

B.P.  I6t_ET 

18.6 

37.4 

14.92 

-107.5 

4.37 

B.P.  EXIT 

100.8 

38.5 

14.92 

-103.0 

4.3* 

PU»«*  INLET 

100.8 

38.5 

14.92 

-103.0 

4.3* 

1ST  STAGE  EXIT 

10*3.* 

69.2 

14.92 

-49.8 

6.52 

PUMP  EXIT 

2113.5 

59.6 

14.92 

3.8 

6.62 

COOLANT  IM-ET 

20*2.6 

59.8 

14.92 

3.8 

6.61 

COOLANT  EXIT 

1869.0 

355.5 

14.92 

1134.2 

0.8* 

TBV  INLET 

1830.5 

355.5 

0.75 

1134.2 

0.88 

TBV  EXIT 

1162.0 

356.6 

0.75 

1134.2 

0.S8 

K2  TRB  IH.ET 

1830.5 

355.5 

14.  18 

1134.2 

0.88 

M2  TRB  EXIT 

1252.7 

328.3 

14.18 

1021.8 

0.67 

M2  TRB  DIFFUSER 

1207.8 

328.3 

14.18 

1021 .8 

0.65 

HZ  BST  TRB  IN 

11*5.7 

328.3 

14.18 

1021.8 

0.65 

M2  BST  TRB  OUT 

1175.1 

327.2 

14.18 

1017.0 

0.64 

K2  BST  TRB  DIFF 

1162.0 

327.2 

14.18 

1017.0 

0.63 

M2  TANK  PRESS 

28.6 

328.6 

0.0364 

1022.9 

0.0107 

FSOV  INLET 

1162.0 

328.6 

14.89 

1022.9 

0.63 

FSOV  EXIT 

1133.0 

328.7 

14.89 

1022.9 

0.61 

CHAMBER  IHJ 

1121.6 

328.7 

16.89 

1022.9 

0.61 

CHAMBER 

1042.6 

■  OXYGEN  SYSTEM 

CO®  I T 1 ONS 

■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

B.P.  INLET 

16.0 

162.7 

89.5 

61.1 

71.1? 

B.P.  EXIT 

135.6 

163.2 

89.5 

61.5 

71.20 

PUMP  INLET 

135.6 

163.2 

89.5 

61.5 

71.20 

PIP*  EXIT 

48 13.6 

183.9 

89.5 

77.3 

72.17 

COOLANT  I  FEET 

4765.5 

184.2 

89.5 

77.3 

72.10 

COOLANT  EXIT 

4502.3 

489.7 

89.5 

194.6 

28.70 

OTBV  INLET 

4502.3 

489.7 

4.0 

196.4 

28.70 

OTBV  EXIT 

175*. 3 

43*. 8 

4.0 

194.6 

14.02 

02  TRB  IM.ET 

4502.3 

689.7 

74.5 

194.4 

28.70 

02  TRB  EXIT 

1*64.3 

394.8 

76.5 

174.1 

19.87 

02  TRB  DIFFUSER 

1759.3 

387. B 

76.5 

176.1 

18.22 

02  BST  TRB  IN 

4502.3 

689.7 

9.0 

194.6 

28.70 

02  BST  TRB  OUT 

445B.1 

477.3 

9.0 

190.5 

29.58 

02  BST  TRB  DIFF 

4456.4 

677.3 

9.0 

190.5 

29.57 

OB TV  INLET 

4456.4 

677.3 

9.0 

190.5 

29.57 

OBTV  EXIT 

175*. 3 

427.3 

9.0 

190.5 

14.78 

MIXER 

1759.3 

393.8 

89.3 

178.4 

17.59 

02  TANK  PRESS 

16.0 

279.6 

0.217 

178.4 

0.17 

ocv  inlet 

1671.4 

390.5 

89.3 

178.4 

16.85 

OCV  EXIT 

116*.* 

368.2 

89.3 

178.4 

12.33 

CHAMBER  INJ 

1158.2 

347.6 

89.3 

178.4 

12.22 

CHAMBER 

1042.6 

■  VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

OTBV 

2743. 

0.03 

4.03 

5.00 

TBV 

668. 

0.06 

0.75 

5.00 

FSOV 

2*. 

5.14 

14.89 

OBTV 

26*7. 

0.07 

8.95 

OCV 

SOI  . 

I  .45 

89.31 

- 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  P 

AREA 

Fl» 

VELOCITY 

FUEL 

79. 

5.26 

14 .89 

1012.37 

LOX 

116. 

3.56 

89.31 

282.09 
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TABLE  23.  —  DUAL-EXPANDER  ENGINE  -  50,000  LBF  THRUST  (COPPER 

TUBE  CHAMBER)  (CONTINUED) 


■  turbcmachi*:ry  performance  data  ■ 


■  HZ  BOOST  TlftBlNE  •  “M2  BOOST  PlB8»  ■ 


EFFICIENCY  IT/T  ) 

0.86* 

EFFICIENT* 

0.765 

EFFICIENCY  IT/S) 

0.458 

HORSEPOWER 

96. 

SPEED  (RPM) 

29205* 

SPEED  (RPM) 

29205. 

MEAN  DIA  UN) 

2-02 

S  SPEED 

5066. 

EFF  AREA  (IN2) 

5.69 

HEAD  IFT ) 

2700. 

U/C  I  ACTUAL  ) 

0.52< 

DIA.  (IN) 

5. 65 

MAX  TIP  SPEED 

570. 

TIP  SPEED 

659. 

STAGES 

1 

VOL.  FLOW 

1526. 

GAMMA 

1.60 

tCAD  COEF 

0.650 

PRESS  RATIO  IT/T  ) 

1.02 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.05 

HORSEPOWER 

96. 

EXIT  MACH  NUMBER 

0.15 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  DIAlCTER 

0.S2 

»  M2  TURBINE  ■ 

*  K2  PUMP  » 

STAGE  ONE 

stage  TWO 

EFFICIENCY 

IT/T  ) 

0.895 

EFFICIENCY 

0.771 

0.770 

EFFICIENCY 

IT/SI 

0.796 

MORSEPOCR 

1123. 

1131. 

SPEED 

(RPM) 

100000. 

SPEED  (RPM) 

100000. 

100000. 

HORSEPOWER 

2256. 

SS  SPEED 

12825. 

MEAN  DIA. 

(IN) 

5.00 

S  SPEED 

1612. 

1588. 

EFC  tRFA 

UK2) 

1.10 

HEAD  (FT) 

51936. 

32103. 

u/c  c actual) 

0.555 

DIA.  (IN) 

5.46 

3-46 

MAX  TIP  SPEED 

1666. 

TIP  SPEED 

1501. 

1501. 

STAGES 

1 

VOL.  FLOW 

1485. 

1450. 

GAMMA 

1  .60 

HEAD  COEF 

0.656 

0.458 

PRESS  RATIO 

(T/T) 

1.66 

FLOW  COEF 

0.164 

PRESS  RATIO 

(T/S) 

1.55 

DIAMETER  RATIO 

0.505 

EXIT  MAC*  NIRfBER 

0.25 

BEARING  DN 

3.00£*06 

SPECIFIC  SPEED 

76.65 

SHAFT  DIAMETER 

50.00 

SPECIFIC  OIA*CTE* 

1.15 

■  02  BOOST  TlX8J>C  »  *02  BOOST  PIR*»  ■ 


EFFICIENCY  (T/T) 

0.857 

EFFICIENCY 

0.766 

EFFICIENCY  IT/SI 

0.815 

HORSEPOWER 

52. 

SPEED  (RPM) 

7813. 

SPEED  (RPH) 

7813. 

MEAN  DIA  (IN) 

7.32 

S  SPEED 

3026. 

EFF  AREA  CIN2I 

0.39 

KCAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.85 

MAX  TIP  SPEED 

260. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

564. 

GAMMA 

1.98 

HEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1-01 

HORSEPOWER 

52. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

36.25 

SPECIFIC  OIAMETER 

2.19 

■  02  TURBIK  • 

•  02  PUMP  • 

EFFICIENCY  (T/T ) 

0.895 

EFFICIENCY 

0.758 

EFFICIENCY  (T/S) 

0.784 

HORSEPOWER 

2003. 

SPEED  (RPM) 

58298. 

SPEED  (RPM) 

58298. 

HORSEPOWER 

2003. 

SS  SPEED 

27067. 

MEAN  DIA  (IN) 

2.09 

S  SPEED 

1449. 

EFF  AREA  (IN2) 

0.60 

MEAD  (FT) 

9330. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.14 

MAX  TIP  SPEED 

603. 

TIP  SPEED 

799. 

STAGES 

1 

VOL.  FLOW 

557. 

GAMMA 

1.98 

HEAD  COEF 

0.470 

PRESS  RATIO  (T/T) 

2.29 

FLOW  COEF 

0.136 

PRESS  RATIO  (T/S) 

2.66 

DIAMETER  RATIO 

0.671 

EXIT  MACH  NUMBER 

0.36 

BEARING  DN  1 

! . 4  0E*06 

SPECIFIC  SPEED 

81  .67 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIAMETER 

1.04 
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TABLE  24.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  7500  LBF  THRUST  (COPPER  TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 
VAC  ENGINE  T>*UST 
TOTAL  ENGIhC  FLOW  RATE 
DEL.  VAC.  ISP 
TMtOAT  AREA 
NQZ2LE  AREA  RATIO 
MC7ZLE  EXIT  DIAMETER 
ENGINE  MIXTURE  RATIO 
ETA  C» 

CHAMBER  coolant  op 
CHAMBER  COOLANT  DT 
NOZZLE /CHAMBER  0 


1941.5 
7500. 
15.42 
480.1 
I  .89 
1000.0 
49.07 
4.00 
0.993 
1364. 

794. 

4383. 


£NG1»C  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEIT 

FLOW 

ENTHALPY 

DEn^iTV 

B-P.  INLET 

IB. 4 

37.4 

2.23 

-107.5 

4.37 

B.P.  EXIT 

100.4 

38.5 

2.23 

-103.0 

4.39 

PUMP  INLET 

100.4 

38.5 

2.23 

-103.0 

4.39 

1ST  STAGE  EXIT 

2202.9 

78.4 

2.23 

58.1 

4.15 

2ND  STAGE  EXIT 

4)83.0 

114.8 

2.23 

210.1 

4.11 

PUMP  EXIT 

4085.4 

147.1 

2.23 

354.4 

4.15 

COLD  REGEN  IN 

4024. B 

147.4 

2.23 

354.4 

4.13 

COLD  REGEN  EX 

5944.5 

349.0 

2.23 

1247.9 

2.24 

COOLANT  INLET 

5944.5 

349.9 

2.23 

1247.9 

2.24 

COOLANT  EXIT 

45  78.7 

1145.3 

2.23 

4105.7 

0.47 

TBV  INLET 

4532.9 

1 145.4 

0.  II 

4105-7 

0.47 

TBV  EXIT 

2241.0 

1182.1 

o.n 

4105.7 

0.34 

02  TRB  INLET 

4532.9 

1145.4 

2.12 

4105.7 

0.47 

02  TRB  EXIT 

4200.2 

1148.] 

2.12 

4035.8 

0.43 

M2  TRB  INLET 

4200.2 

1148.1 

2.12 

4035.8 

0.43 

K2  TRB  EXIT 

2341.2 

1025.4 

2.12 

3553.8 

0.41 

M2  TRB  DIFFUSER 

2335.7 

1023  41 

2.12 

3553.8 

0.41 

K2  BST  TRB  IN 

2312.4 

1023.8 

2.12 

3553.8 

0.41 

H2  BST  TRB  OUT 

2298.4 

1022.7 

2.12 

3549.0 

0.40 

M2  BST  TRB  DIFF 

2283.7 

1022.8 

2.12 

3549.0 

0.40 

02  BST  TRB  IN 

2240.8 

1025.8 

2.12 

3549.0 

0.39 

02  BST  TRB  OUT 

2253.4 

1822.3 

2.12 

3544.5 

0.39 

02  BST  TRB  DIFF 

2252.2 

1022.3 

2.12 

3544.5 

0.39 

M2  TAf*  PRESS 

18.4 

1044.2 

0.0017 

3574.4 

0.0033 

GOX  HEAT  EXCH  IN 

2241.0 

1038.4 

2.23 

3574.4 

0.39 

GOX  MEAT  EXCH  OUT 

2229.8 

1030. I 

2.23 

3573.1 

0.39 

MOT  REGEN  IN 

2229.8 

1038.1 

2.23 

3573.1 

0.39 

MOT  REGEN  EX 

2142.9 

775.9 

2.23 

2479.1 

0.49 

FSOV  INLET 

2142.9 

775.9 

2.23 

2479.1 

0.49 

FSOV  EXIT 

2108.8 

774.2 

2.23 

2479.1 

0.48 

CHAMBER  INJ 

2084.8 

774.4 

2.23 

2479. I 

0.47 

CHAMBER 

1941.3 

■  OXYGEN  SYSTEM 

CONDITIONS 

» 

STATION 

PRESS 

TOT 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

13.4 

41 .1 

71.17 

B.P.  EXIT 

135.4 

143.2 

13.4 

41  .5 

71  .20 

PUMP  inlet 

135.4 

143.2 

IS. 4 

41  .5 

71.20 

PUMP  EXIT 

3143.9 

178.8 

13.4 

72.5 

71.53 

02  TANK  PRESS 

14.0 

400.0 

0.023 

204.7 

0.12 

OCV  1H.ET 

3112.5 

179.0 

13.4 

72.5 

71.48 

OCV  EXIT 

2 1 78 . 7 

182.4 

13.4 

72.5 

70.04 

CHAMBER  INJ 
CHAMBER 

2135.4 

1941.3 

182.8 

13.4 

72.5 

49.97 

VALVE 

delta  p 

•  VALW  DATA  • 

AREA  FLOW 

*  BYPASS 

TBV 

2292. 

0.81  0.11 

5.00 

FSOV 

5-. 

0.44  2.23 

OCV 

934. 

0.08  13.39 

INJECTOR 

DELTA  P 

INJECTOR 

AREA 

DATA  ■ 

FLOW 

VElOC  IT* 

FUEL 

144 

0 .44 

2.73 

1558  . 

LOX 

214. 

0.17 

13.39 

140.32 
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TABLE  24.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  7500  LBF  THRUST  (COPPER  TUBE  CHAMBER)  (CONTINUED) 


•  turbohachincrv  performance  Oat*  • 


•  H?  BOOST  TlAII*  * 

•  K?  BOOST 

PIP*  • 

EFFICIENCY 

IT/T) 

0.7R9 

EFF  1C  100 

•  7*4 

efficiency 

(T/S  ) 

•  -  *77 

MOASOCX** 

14. 

3*00 

(RAM) 

7SS94. 

SPEED  (RAW) 

75*94. 

*CAM  DIA 

(IM) 

O-Bl 

S  SPEED 

IMA. 

irr  area 

C IM2) 

1.52 

>CAD  (FT) 

mi. 

U/C  (ACTUAL) 

0.S4S 

DIA.  IIM) 

l.SS 

MAX  TIP  SPEED 

*04. 

TIP  SPCEO 

•59. 

STAGES 

1 

VOL.  FL» 

77B. 

UMW 

1  .55 

«AD  cocf 

B.4SB 

PRESS  RATIO 

(T/rj 

i  .c : 

plow  ccef 

l?ll 

MUSS  RATIO 

(T/S) 

1-01 

MW«T0*JI 

1*. 

nil  MACH  NUMBER 

0.10 

specific  speed 

ISO. 00 

SPECIFIC  DIAMETER 

0.4B 

•  •MMtlttt 

•  K?  TURB  I*C  ■ 

•  H2  PLOT  • 

STACC  OMC  STAGE  TWO 

STACK  THREE 

EFTICIEJCY 

(T/T) 

0.797 

EFFJCJPCY 

0.S75 

4.SBS 

ft . SAT 

efficiency 

IT/S) 

0.779 

MORSCPOMEB 

S09. 

4G1 . 

4S7. 

SPEED 

(RPM) 

1O7S0Q. 

SPEED  <*PM> 

107S0B. 

)B?S04. 

JftTSP*. 

HORSEPOWER 

1447. 

SS  SPEED 

9J19. 

« AM  01*. 

(INI 

1.77 

S  SPEED 

444. 

4B7. 

70S . 

EFT  AREA 

(IM?) 

0.17 

HEAD  (FT  1 

71B?I. 

49471 . 

**771 . 

U rt  (ACTUAL) 

a. SI) 

DIA.  ((Ml 

7.SS 

7.SS 

7.H 

MAX  TIP  SPEED 

ISAS. 

TIP  SPEED 

7091. 

2092. 

70*2  - 

STAGES 

s 

VOL.  FUN 

747. 

2*4. 

2*1- 

GAf*4A 

l.SS 

K*D  COEF 

•  .STB 

ft.  SIB 

ft  .*A7 

PRESS  RATIO 

CT/T) 

1.7B 

FLON  COCF 

B.0B7 

PRESS  RATIO 

IT/S) 

I -BO 

DIA»CTtA  RATIO 

ft.TRD 

EXIT  MACH  NtMBCR 

0.1* 

BEAR  INC  IM 

J.ME*04 

SPECIFIC  SPEED 

49.44 

SHAFT  DIA#«TEJI 

14.  BO 

SPECIFIC  0IA7CTCR 

1.44 

•  02  BOOST  TURBIX  • 

•  02  BOOST 

PI0W  • 

EFFICIENCY  <  T/Tl 

9.999 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.4*5 

*vm  sep  ocx 

B. 

SPEED  (RPM) 

201B4. 

SPEED  t«PW) 

20IR4. 

REAM  DIA  (IN) 

MS 

S  SPEED 

*•24. 

EFT  AREA  (IM2) 

IB* 

►WAD  (FT! 

242. 

U/C  1  ACTUAL) 

ft. ssi 

DIA.  (IM) 

1.49 

MAX  TIP  SPEED 

2*1- 

TIP  SPED 

1*7. 

stages 

1 

VOL  .  FVJ» 

BS. 

CAP4U 

l.JS 

►WAD  COEF 

B.4SA 

PRESS  RATIO  IT/T) 

1.0ft 

FV(M  COEF 

B.7BB 

PRESS  RATIO  IT/S) 

1.00 

KX3EPOCR 

•  . 

EXIT  MACH  MOWER 

ft. 05 

SPECIFIC  SPEED 

JOB. 41 

SPECIFIC  DIAMETER 

ft. 74 

•  02  TlOtBIX  • 

•  as  Piow  ■ 

EFFICIENCY  CT/T) 

O.ftOB 

EFFICIOCr 

ft.  7ft* 

LFF 1  c  I  DO  (T/S) 

0.749 

HORSEPOWER 

21ft. 

SPEED  (RPM) 

1  52977. 

SPEED  (RPM) 

1*2977. 

MDRSEPOWR 

210. 

ss  vm 

21*tt. 

(CAM  DIA  (IM) 

1.72 

S  SPIED 

1777. 

EFF  ARE*  I IM2  ) 

0.21 

head  irn 

40SS. 

U/C  (ACTUAL  1 

ft  .5*9 

DIA.  IIM) 

1.19 

MAX  TIP  SPEED 

1107. 

TIP  SPEED 

409 . 

STAGES 

I 

VOL.  FUR 

B*. 

GAFR4A 

)  35 

HEAD  COEF 

ft.  *11 

PRESS  RATIO  CT/T) 

1.00 

FT.CM  COEF 

• .  IS2 

PRESS  RATIO  (T/S) 

1.09 

diafwter  ratio 

0.479 

EXIT  MACH  MLHRCR 

0.09 

BEARING  IH  1 

.40f»B4 

SPECIFIC  SPEED 

S2.BS 

SHAFT  DIAMETER 

12.04 

SPECIFIC  01 A/WTTO 

1.40 

RCGtMERATOR  DAT* 


DCL> 

OO.T 
ACTA 

flim 

crrtcrfvcxis 

*TU 
OUT  10 
CHIN 
mctM  o 


MOT  Sit* 
Ulf 
-25*. IS 
0.4S 
2.2* 

6.79 
•  .*1 
or; 

MS 

IW.lt 


cold  sine 

•0.7S 
771.44 
0.  It 

7.7* 
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TABLE  25 


FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
15,000  LBF  THRUST  (COPPER  TUBE  CHAMBER) 


ENG  IK  PERFORMANCE  PAR  ALTERS 


CHAMBER  PRESSURE 

1844.7 

VAC  ENGIK  THRUST 

15000. 

TOTAL  ENGINE  FLOW  RATE 

31.25 

DEL.  VAC.  ISP 

480.1 

TKtOAT  AREA 

3.98 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

71.18 

ENGINE  MIXTURE  RATIO 

4.00 

ETA  c- 

0.993 

chamber  coolant  dp 

901. 

chamber  coolant  dt 

599. 

NOZZLE /CHAMBER  0 

9975. 

ENGIK  STATION  CONDITIONS 


»  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEK 

FLOW 

ENTHALPY 

B.P.  inlet 

18.4 

37.4 

4.47 

-107.5 

B.P.  EXIT 

100.8 

38.5 

4. 47 

-103.0 

PUMP  INLET 

100.8 

38.5 

4.47 

-103.0 

1ST  STAGE  EXIT 

2021.3 

48.9 

4.47 

24.5 

2ND  STAGE  EXIT 

3897.4 

97.5 

4.47 

152.4 

P U»8»  EXIT 

5744.8 

124.4 

4.47 

274.9 

COLD  REGEN  IN 

5487.3 

224.8 

4.47 

274.9 

COLD  REGEN  EX 

5430.4 

288.0 

4.47 

902.1 

COOLANT  IKE7 

5430.4 

288.0 

4.47 

902. 1 

COOLANT  EXIT 

4729.4 

887.5 

4.47 

3134.4 

TBV  INLET 

4482.  1 

887.8 

0.22 

3134.4 

TBV  EXIT 

2128.1 

905.0 

0.22 

3134.4 

02  TRB  INLET 

4482.1 

887.8 

4.24 

3134.4 

02  TRB  EXIT 

4278.4 

872.5 

4.24 

3070.4 

M2  TRB  INLET 

4278.4 

872.5 

4.24 

3070.4 

M2  TRB  EXIT 

2258.7 

773.5 

4.24 

2472.8 

M2  TRB  DIFFUSER 

2224.4 

773.7 

4.24 

24  72.8 

M2  85 T  TRB  IN 

2204.1 

773.7 

4.24 

2472.8 

M2  BST  TRB  OUT 

2185.4 

772.4 

4.24 

2440.0 

M2  BST  TRB  DJFF 

2170.8 

772.7 

4.24 

2448.0 

02  BST  TRB  IN 

2149.1 

772.8 

4.24 

2448.0 

02  BST  TRB  OUT 

2140.3 

772.2 

4.24 

2445.4 

02  BST  TRB  DJFF 

2138.8 

772.2 

4.24 

2445.4 

N2  TANK  PRESS 

18.4 

791.8 

0.0045 

2488.9 

GOX  >CAT  EXCH  IN 

2128.1 

77«.» 

4.44 

2488.9 

GOX  MEAT  EXCH  OUT 

2117.5 

778.4 

4.44 

2487.5 

HOT  REGEN  IN 

2117.5 

778.4 

4.44 

2487.5 

MOT  RtGEM  EX 

2054 . 0 

401.9 

4.44 

2059.7 

FSOV  INLET 

2054.0 

401.9 

4.44 

2059.7 

FSOV  EXIT 

2002.4 

402.1 

4.44 

2059.7 

CHAMBER  INJ 

1982.7 

402.2 

4.44 

2059.7 

CHAMBER 

1844.7 

•  OXYGEN  SYSTEM 

CONDITIONS 

■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  INLET 

14.0 

142.7 

24.8 

41.1 

B.P.  EXIT 

135.4 

143.2 

24.8 

41  .5 

PUMP  INLET 

135.4 

143.2 

24.8 

41.5 

PIR8>  EXIT 

2987.5 

177.0 

24.8 

71.4 

02  TANK  PRESS 

14.0 

400.0 

0.045 

204.7 

ocv  inlet 

2957.7 

177.2 

24.8 

71.4 

OCV  EXIT 

2070.4 

180.4 

24.8 

71.4 

CHAMBER  INJ 
CHAMBER 

2029.2 

1844.7 

180.8 

24.8 

71.4 

VALVE 

delta  p 

•  VALVE  DATA 
AREA 

FLO# 

X  BYPASS 

TBV 

2554. 

0.01 

0.22 

5.00 

FSOV 

51. 

1  ■  18 

4.44 

OCV 

88  7. 

0.14 

24.78 

• 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  P 

AREA 

FLOW 

VELOCITY 

fuel 

138. 

0.82 

4.44 

1379.91 

LOX 

205. 

0.35 

24.78 

154.04 

DENSITY 

4.37 

4.39 

4. 39 
4.33 
4.35 

4.40 

4.38 

2.40 

2.40 
0.89 
0.88 
0.42 
0.88 
0.82 
0.82 
0.51 
0.51 
0.51 
0.50 
0.50 
0.49 
0.49 
0.49 

0.0044 

0.48 

0.48 

0.48 

0.40 

0.40 

0.58 

0.58 


DENSITY 

71.17 
71.20 
71.20 
71.47 

0.12 

71.42 

70.25 

70.18 
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TABLE  25.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  15,000  LBF  THRUST  (COPPER  TUBE  CHAMBER)  (CONTINUED) 


•  turbohacmincry  performance  D*u  • 


■  K2  BOOST  TURBINE  • 


EFFICIENCY  (T/T) 
EFFICIENCY  IT/S) 
SPEED  l«WO 

•CAN  DU  l IN) 

EFT  AREA  (1*2) 
U/C  (ACTUAL) 

HAH  T|F  SFEEO 
STAGES 


PRESS  RATIO  CT/TI 
PRESS  RATIO  IT/S) 
morsoomer 

EXIT  MACH  NUMBER 
SPECIFIC  SFEEO 
SPECIFIC  D I  A/C  TER 


o.rst 

0.S59 

iJIM. 

i.U 

2.02 

OKI 

597. 

1 

1.41 
1.01 
1.02 
29. 
0.10 
147. SO 
0.51 


•  M2  TURBlhC  ■ 


PRESS  RATIO  IT/S) 
EXIT  nacm  NIPIBCR 
SPECIFIC  SPEED 
SPECIFIC  DIAMETER 


1.95 

o.u 

50.41 

1.49 


•  M2  BOOST 

PliC  ■ 

EFFICIENCY 

0.745 

KMSEPtRC* 

25. 

SPEED  tRPM) 

5XX74. 

S  SPEED 

INI. 

»CAD  (FT) 

2700. 

DU.  UN) 

1.B9 

TIP  SPOT 

4X9. 

VOL.  FUN 

457. 

•CAD  CXXF 

4.454 

FUP4  cr» 

0.241 

STAGE  CPC  STAGE  tNO  STAGE  T»«CE 


efficiency 

(T/T) 

0.794 

EFFICIENCY 

EFFICIENCY 

CT/S) 

0.77S 

MORSCPOCR 

SPEED 

(RPM) 

1X4X43. 

SPEED  CRPN) 

MORSCPOC* 

2X49. 

SS  SPEED 

/CAN  0)4. 

(IN) 

2.44 

S  SPEED 

CFF  AREA 

()N2> 

0.21 

•CaD  (FT  1 

U/C  (ACTUAL) 

0.444 

OlA.  (IN) 

MAX  TIP  SPEED 

)S40 . 

TIP  SPEED 

STAGES 

2 

VCL.  flcn 

GAMMA 

1.41 

•Cad  coef 

PRESS  RATIO 

(T/T  ) 

l.B* 

FLON  COEF 

D l A/C  TER  RATIO 
■Earing  m 
shaft  DIA/CTER 


0.4X1 

0)0. 

1X4X4 J. 
9540. 

7XX. 

43502. 

1.27 

1949. 

44X. 

4.5X9 

4.092 

4.X15 

|.04C*44 

22.40 


0.455 

797. 

154545. 

MS. 

42259. 

X.2> 

1949. 

441. 

0.527 


0.4X7 

774. 

1X4X41. 

752. 

40741. 

S.27 

1949. 

455. 

0.515 


•  02  ROOST  T  1*11  ME  • 


■  02  BOOST  PVC  • 


EFFICIENCY 
EFFICIOCY 
SPEED 
/CAN  P1A 
EFP  AREA 
g/C  I  ACTUAL  ) 

/MX  TIP  SPEED 
STAGES 


tT/T) 
IT/S) 
IRPM ) 
f  INI 
CIN2) 


PRESS  RATIO  (T/T ) 
PRESS  RATIO  (T/S) 


EXIT  MACH  MUKOER 
SPECIFIC  SPEED 
SPECIFIC  DIA/CTCR 


•  02  TURBINE  * 


(T/T  ) 
(  T/S  I 
(RPM> 


£FF ICICNCV 
EFFICIENCY 
SPEED 
KJRSCKX* 

•CAN  01 A 
£FF  AREA 
U/C  (ACTUAL) 

MAX  TIP  SPEED 
STAGES 


(  IN) 
UN2) 


PRESS  RATIO  (T/T) 
PRESS  RATIO  (T/S) 
EXIT  MACH  NIHBER 
SPECIFIC  SPEED 
SPECIFIC  DIAMETER 


0.024 

EFFICIENCY 

0.744 

0.474 

•CRSEPUCR 

15. 

14 272. 

SPEED  (RP«) 

14272. 

S.1B 

S  SPEED 

SR24. 

2.97 

HEAD  I  FT) 

242. 

0.555 

DU.  UN) 

2.D 

257, 

TIP  SPEED 

1X2. 

1 

VOL.  KiM 

149. 

1.4) 

/CAD  COEF 

0.454 

1.00 

nx*  COEF 

0.244 

1.01 

15. 

4.01 

101.42 

0.B2 

• 

* 

•  02  P14C  • 

• 

■••*•••••»• 

0.420 

CFTICJOCY 

4.729 

0. 74  7 

mobsepgneb 

SOS. 

9)020. 

SPEED  (RPN) 

9 1420 . 

sax. 

SS  SPOT 

25114. 

2.44 

S  SPEED 

1792. 

0.35 

•CAD  (FT) 

5729. 

0.547 

DU.  UN) 

1.47 

1045. 

TIP  SPEED 

445. 

1 

VO.  -  FLOM 

1*0. 

1.41 

•CAD  CX» 

B.424 

FLON  D» 

4.155 

l  1.10 

DIAMETER  RATIO 

4.404 

0.09 

BEARING  m 

l.44C«44 

40 . 1 7 

SHAFT  DINCTER 

14.04 

RCGC^CRATOR  DATA 


COLD  SIDE 
D£XP  54-00 

GELT  14S. 14 

AREA  0-50 

FLOM  4.47 

EFFECTIVE*** 

MTU 

CRaTIO 
CM  I M 
•E GEN  0 


MOT  SIDE 
4S.52 
-174.44 
1.19 
4.44 

4.27 

4.50 

4.92 

15.04 

2402.44 
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TABLE  26.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  25,000  LBF  THRUST  (COPPER  TUBE  CHAMBER) 


EnG1»£  performance  par  alters 


CHAMBER  PRESSURE  1786.4 


VAC  EMGI»C  THRUST 

Z5000. 

total  engi>c  flow  RATE 

52.08 

DEL.  VAC.  ISP 

680.0 

THROAT  AREA 

6.85 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

95.58 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C» 

0.995 

chamber  coolant  dp 

831- 

CHAMBER  COOLANT  DT 

480. 

NOZZLE/CHAMBER  0 

15641. 

ENGINE 

STATION 

CONDITIONS 

•  FUEL 

SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLON 

ENTHALPY 

DENSITY 

B.P.  1M-ET 

18.6 

37.4 

7.45 

-107.5 

4.57 

B.P.  EXIT 

102.2 

58.5 

7.45 

-103.0 

4.39 

PUMP  IK.ET 

10)  .2 

58.5 

7.45 

-105.0 

4.39 

1ST  STAGE  EXIT 

1817.1 

60.7 

7.45 

-1.1 

4.48 

2ND  STAGE  EXIT 

5545.5 

81.9 

7.45 

100. 0 

4.56 

PUMP  EXIT 

5281 .9 

102.4 

7.45 

200.0 

4.64 

COLD  REGEN  IN 

5229.1 

102.9 

7.45 

200.0 

4.62 

COLD  REGEN  EX 

5176.8 

255.0 

7.45 

745.0 

2.71 

COOLANT  IH.ET 

5176.8 

255.0 

7.45 

745.0 

2.71 

COOLANT  EXIT 

4546.0 

735.1 

7.45 

2576.5 

0.98 

TBV  IW.ET 

4502.6 

755.4 

0.37 

2576.5 

0.97 

TBV  EXIT 

2062.2 

747.5 

0.37 

2576.3 

0.49 

02  TRB  JH.ET 

4502.6 

733.4 

7.08 

2576.3 

0.97 

02  TRB  EXIT 

5897.1 

719.1 

7.08 

2516.2 

0.9| 

H2  TRB  IH.ET 

3897.1 

719.1 

7.08 

2516.2 

0.91 

H2  TRB  EXIT 

2196.4 

659. J 

7.08 

2197.4 

0.60 

H2  TRB  DIFFUSER 

2159.5 

639.5 

7.08 

2197.4 

0.59 

M2  BST  TRB  IN 

2137.9 

639.5 

7.08 

2197.4 

0.59 

M2  BST  TRB  OUT 

2118.2 

638.4 

7.08 

2192.6 

0.58 

H2  BST  TRB  DIFF 

2104.8 

638.4 

7.08 

2192.6 

0.58 

02  BST  TRB  IN 

2083.8 

638.6 

7.08 

2192.6 

0.57 

02  BST  TRB  OUT 

2074.1 

637.9 

7.08 

2190.0 

0.57 

02  BST  TRB  DIFF 

2072.6 

637.9 

7.00 

2190.0 

0.57 

M2  TANK  PRESS 

18.6 

654.5 

0.0091 

2209.4 

0.0053 

GOX  HEAT  EX  CM  IN 

2062.2 

643.4 

7.44 

2209.4 

0.56 

GOX  HEAT  EX CM  OUT 

2051.9 

643.1 

7.44 

2208.0 

0.56 

MOT  REGEN  IN 

2051.9 

643.1 

7.44 

2208.0 

0.56 

HOT  REGEN  EX 

1990.4 

493.1 

7.44 

1662.4 

0.70 

FSOV  INLET 

1990.4 

495.1 

7.44 

1662.4 

0.70 

FSOV  EXIT 

1940.6 

493.5 

7.44 

1662.4 

0.68 

CHAMBER  INJ 

1921.0 

493.3 

7.44 

1662.4 

0.68 

CHAMBER 

1786.4 

■  OXYGEN  SYSTEM 

i  CONDITIONS 

■ 

STATION 

PRESS 

TEMP 

flon 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.2 

162.7 

44 . 7 

61.1 

71.17 

B.P.  EXIT 

135.* 

163.2 

44 . 7 

bl  .5 

71.20 

PUMP  INLET 

J  35- » 

163.2 

44.7 

61.5 

71.20 

PUMP  EXIT 

289J.0 

176.0 

44.7 

71.0 

71  .  75 

02  TANK  PRESS 

16.0 

400.0 

0.076 

204.7 

0.12 

OCV  1H.ET 

2864.1 

176.1 

44.6 

71.0 

71.70 

OCV  EXIT 

2004.9 

179.4 

44.6 

71.0 

70.37 

CHAMBER  INJ 

1965-0 

179.6 

44.6 

7)  .0 

70.31 

CHAMBER 

1786.4 

m 

VALVE  DATA  ■ 

VALVE 

DELTA  P 

AREA 

flow 

X  BYPASS 

TBV 

2240. 

0.02 

0.57 

5.00 

FSOV 

50. 

1.84 

7.44 

OCV 

859. 

0.27 

44.64 

• 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  P 

AREA 

FLON 

VELOCITY 

FUEL 

135. 

1.26 

7.44 

1266.91 

LOX 

198. 

o 

*• 

o 

44.64 

153.42 

14ft 


TABLE  26.  — 
-  25,000 


FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
LBF  THRUST  (COPPER  TUBE  CHAMBER)  (CONTINUED) 


•  TiMOOMaCMIKRV  PERFORMANCE  DATA  • 


•  H*'  BOOST  TURBIK  ■ 

■  K2  BOOST 

PIPM  ■ 

EFFIC1EKY  ( T/T ) 

0  B2S 

E7FICIDCV 

0.745 

EFF  1C IEHCY  IT/S) 

f.AJl 

KRSCPOKR 

44. 

SPEED  (RPM) 

41420. 

SPEED  (KPN) 

4)424. 

KAN  D) A  (IN) 

1.44 

S  SPEED 

1041. 

EFF  AA£A  ( 1N2) 

1.02 

HEAD  I FT) 

2711. 

U/C  (ACTUAL ) 

t.SM 

OtA.  (IN) 

2.41 

MAX  TIP  SPEED 

177. 

TIP  SPEED 

440. 

STAGES 

1 

VOL.  FLON 

742. 

mu 

1.44 

KAD  CO EF 

4.450 

PRESS  RATIO  (T/T  ) 

1.0) 

FLON  COEF 

0.200 

PRESS  RATIO  IT/S) 

1.02 

HOftSEPOCR 

44. 

EXIT  MACH  HINDER 

0.10 

SPECIFIC  SPEED 

ISO ■ 00 

SPECIFIC  DIAMETER 

0.S2 

•  H2  TUROIK  • 

•  M2  Pt»r 

>• 

■ 

STACK  OK 

STACK  TMO  STACK  TKEE 

EFF1CIE7CV  CT/T) 

t.m 

EFFICIENCY 

0.700 

4.4*4 

0.470 

EFFICIENCY  (T/S) 

0.024 

HORSCPOCR 

1071. 

1044. 

1054. 

SPEED  IRPH) 

i 25000. 

SPEED  (RPR) 

125000. 

125000. 

125000. 

NORSEPOCR 

1191. 

SS  SPEED 

11247. 

MEAN  DIA.  (IN) 

2-01 

S  SPEED 

♦45. 

♦41. 

♦42. 

EFF  AREA  MM2) 

0.15 

KAD  (FT) 

55475. 

54451. 

54144. 

U/C  (ACTUAL) 

0  .SOS 

DIA.  (IN) 

1.14 

1.10 

2.14 

MAX  TIP  SPEED 

1541. 

TIP  SPEED 

1445. 

1045. 

10A4. 

STAGES 

2 

VOL.  FLON 

744. 

711. 

720. 

CAWU 

1  .44 

KAO  COEF 

0.524 

0.51* 

0.514 

PRESS  RATIO  (T/T) 

1.77 

FLON  COEF 

0.107 

PRESS  RATIO  (T/S) 

1.0) 

D1AKTER  RATIO 

0.171 

EXIT  MACH  MLUBCR 

0.14 

BEAR  IK  ON 

f.40t«44 

SPECIFIC  SPEED 

5). BO 

SHAFT  DlAKTER 

24.00 

SPECIFIC  DIAMETER 

1.41 

•  C2  ROOST  T UNO  IK  • 

•  02  BOOST 

PUK  • 

CFFJCIOCY  (T/T) 

0.0  77 

CFFICIOCY 

0.744 

EFFICIDCY  (T/S) 

0.720 

MORSEPOMEB 

24. 

SPEED  (RPR) 

11055. 

SPEED  (RPR) 

11055. 

K AM  DIA  (IN) 

«. II 

S  SPEED 

1024. 

EFF  AREA  MM2) 

4.15 

KAD  (FT) 

242. 

U/C  (ACTUAL) 

0.551 

DIA.  (IN) 

2.72 

MAX  TIP  SPEED 

214. 

TIP  SPEED 

112. 

STACKS 

1 

VOL.  FLO* 

242. 

rmu 

1.44 

KAD  COEF 

0.4S4 

PRESS  RATIO  (T/T) 

1.00 

FLON  COEF 

0.200 

PRESS  RATIO  (T/S) 

1-01 

MORSEPQKR 

24. 

EXIT  MAO*  NUMBER 

0.01 

SPECIFIC  SPEED 

77.11 

SPECIFIC  DlAKTER 

0.44 

•  02  TURBINE  ■ 

■  OS  MPP  • 

EFFICIENCY  (T/T) 

0.054- 

EFF  1 C I OCY 

0.747 

EFFICIENCY  (T/S) 

0.774 

MORSEPQKR 

402. 

SPEED  (RPN) 

47044. 

SPEED  IRPR) 

47044. 

NORSCPOKR 

402. 

SS  SPEED 

22454. 

KAN  OtA  (IN) 

2.41 

S  SPEED 

1000. 

CPF  AREA  MM2) 

•  51 

KAD  (FT) 

5512. 

U/C  (ACTUAL) 

0.454 

DIA.  (IN) 

2.14 

MAX  TIP  SPEED 

054. 

TIP  SPEED 

444. 

STAGES 

I 

VOL.  FLON 

240. 

CAKU 

1.44 

KAD  CCCF 

0.424 

PRESS  RATIO  (T/T) 

1. 10 

FLON  COEF 

0.151 

PRESS  RATIO  (T/S) 

I.  II 

DlAKTER  RATIO 

0.441 

EXIT  MACH  NUMBER 

0.07 

KM  IMS  CM  I 

toe  *04 

SPECIFIC  SPEED 

40.07 

SHAFT  DIAMETER 

20.00 

SPECIFIC  DlAKTER 

l.4« 

REGENERATOR  DATA 


DEEP 
BELT 
MCA 
FLON 
ETFCCT I  VtKSS 
MTU 
CRAT|0 
Win 

RECtN  Q 


K>T  SICE 
4 1.54 
-ISO. 60 
».*4 
7.** 

0.7* 

M0 
I  .00 
77.04 


COLD  SIDE 
52.27 
ISO. 12 
o.so 
7.45 
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TABLE  27.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
-  37,500  LBF  THRUST  (COPPER  TUBE  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1673.2 

VAC  ENGINE  THRUST 

37500 . 

TOTAL  ENGINE  FLOW  RATE 

78.12 

DEL.  VAC.  ISP 

480.0 

THROAT  AREA 

JO.  *6 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

1 18 . 14 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C» 

0.993 

CHAMBER  COOLANT  DP 

752 . 

CHAMBER  COOLANT  DT 

403. 

nozzle/chamber  q 

17580. 

ENGINE  STATION  CXNDITIONS 


•  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

11.18 

-107.5 

4.37 

B.P.  EXIT 

100.8 

38.5 

It.  18 

-103.0 

4.39 

PUMP  INLET 

100.8 

38.5 

11.18 

-103.0 

4.39 

1ST  STAGE  EXIT 

1768.9 

58.6 

11.18 

-7.9 

4.52 

2ND  STAGE  EXIT 

3463.0 

77.9 

11.18 

87.1 

4.62 

PUMP  EXIT 

5182.8 

96.7 

11.18 

181  .6 

4.72 

COLD  REGEN  IN 

5130.9 

97.2 

11.18 

181.6 

4.70 

COLD  REGEN  EX 

5079.6 

228.0 

11.18 

638.8 

2.90 

COOLANT  INLET 

5079.6 

228.0 

11.18 

638.8 

2.90 

COOLANT  EXIT 

4327.2 

630.5 

11.18 

2211-8 

1.11 

TBV  INLET 

4283.9 

630.8 

0.56 

2211.8 

1.10 

TBV  EXIT 

1930.3 

644.8 

0.56 

2211.8 

0.53 

02  TRB  INLET 

4283.9 

630.8 

10.62 

2211.8 

1.10 

02  TRB  EXIT 

3867.8 

618.4 

10.62 

2156.7 

1.03 

M2  TRB  INLET 

3867.8 

618.4 

’0.62 

2156.7 

1.03 

H2  TRB  EXIT 

2072.2 

546.1 

10.62 

1857.1 

0.66 

H2  TRB  DIFFUSER 

2026.3 

546.3 

10.62 

1857.1 

0.64 

H2  BST  TRB  IN 

2006.0 

546.3 

10.62 

1857.1 

0.64 

H2  BST  TRB  OUT 

2984.9 

545.1 

10.62 

1852.3 

0.63 

H2  BST  TRB  DIFF 

1971.7 

545.2 

10.62 

1852.3 

0.63 

02  BST  TRB  IN 

1952.0 

545.3 

10.42 

1852.3 

0.62 

02  BST  TRB  OUT 

1941.5 

544.6 

10.62 

1849.7 

0.62 

02  BST  TRB  DIFF 

1940.0 

544.6 

10.62 

1849.7 

0.62 

M2  TANK  PRESS 

18.6 

558.1 

0.0161 

1867.8 

0.0063 

GOX  MEAT  EXCM  IN 

1930.3 

549.7 

II.  16 

1867. a 

0.61 

GOX  HEAT  EXCH  OUT 

1920.6 

549.3 

11.16 

1866.5 

0.61 

HOT  REGEN  IN 

1920.6 

549.3 

11.16 

1866.5 

0.41 

HOT  REGEN  EX 

1863.0 

425.3 

11.16 

1408.6 

0.75 

FSOV  INLET 

1863.0 

425.  S 

11.16 

1408.6 

0.75 

FSOV  EXIT 

1816.4 

425.4 

11.16 

1408.6 

0.74 

CHAMBER  INJ 

1798.4 

425.5 

11.16 

1408.6 

0.73 

CHAMBER 

1673.2 

■  OXYGEN  SYSTEM 

CONDITIONS 

N 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

67.1 

61.1 

71.17 

B.P.  EXIT 

135.6 

163.2 

67.1 

61.5 

71.20 

PUMP  INLET 

135.6 

163.2 

67.1 

61.5 

71  .20 

PUMP  EXIT 

2709.7 

174.8 

67.1 

70.2 

71.77 

02  TANK  PRESS 

16.0 

600.0 

0.113 

204.7 

0.12 

OCV  INLET 

2682.6 

174.9 

67.0 

70.2 

71.73 

OCV  EXIT 

1877.8 

177.9 

67.0 

70.2 

70.48 

CHAMBER  INJ 
CHAMBER 

1840.5 

1673.2 

1  79.0 

67.0 

70.2 

70.42 

VALVE 

DELTA  P 

•  valve  data 

AREA 

FLOW 

X  BYPASS 

TBV 

2354. 

0.02 

0.56 

5.00 

FSOV 

47. 

2.73 

11.16 

OCV 

805. 

0.42 

66.96 

• 

INJECTOR 

Data  • 

INJECTOR 

DELTA  P 

AREA 

FLOW 

VELOC I  TV 

FUEL 

125- 

1  .89 

11.16 

1177.20 

LOX 

18b. 

0.92 

bb.96 

148.36 

I4X 


TABLE  27.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  37,500  LBF  THRUST  (COPPER  TUBE  CHAMBER)  (CONTINUED) 


•  1lftt0**O4l»CftY  PERFORMANCE  DATA  • 


•  K2  BOOST  TvMBItC  • 

>  M2  BOOST 

PIR*  • 

EFFICIENCY  (T/T  ) 

0.0J0 

EFFICIENCY 

0.744 

EFFICIENCY  IT/S> 

0.444 

HORSCPOMER 

72. 

SPEED  IM*R) 

SS742. 

SPEED  IRPM) 

11742. 

PC  AM  DM  tlN> 

1.77 

1  SPEED 

1044. 

IFF  MCA  1 IK?) 

4. If 

head  ;m 

24  ff. 

U/C  (ACTUAL) 

0.411 

DIA.  (IN) 

2.10 

MAX  T|0  Sm5 

171. 

TIP  SPEED 

411. 

STALES 

1 

VOL.  FLOM 

1)41. 

GAM4A 

1.14 

►CAD  COEF 

0.440 

wtsj  ratio  nm 

1.01 

FLOM  COEF 

0.201 

PRESS  RATIO  IT/SI 

1.02 

►OtSEPOCR 

72. 

EXIT  MACH  MJMQ 

0.10 

SPECIFIC  SPEED 

140.00 

SPECIFIC  D1 AFC  TEX 

0.41 

•  M2  TIABItC  • 

■  M2  PIRC 

ti 

• 

>• 

STACK  THREE 

EFFICIENCY  IT/T) 

0.B44 

EFFICIENCY 

0.724 

0.723 

0.721 

EFFICIENCY  (T/S) 

0.011 

►CRSEPLaCR 

1404. 

1401. 

1414. 

SPEED  (RPW) 

I07I4S. 

SPEED  IRPN) 

I07I4S. 

107141. 

107141. 

►OUEPOCR 

4401. 

SS  SPEED 

11012. 

MUM  DIA.  (IN) 

2.72 

S  SPEED 

1011. 

1004. 

1000. 

EFF  A PEA  (JM2) 

0.41 

PC  AD  (FT) 

41404. 

41114. 

4SB21. 

U/C  (ACTUAL) 

0.444 

DM.  (IN) 

1.01 

1.01 

1.B1 

MAX  TIP  SPEED 

1117. 

TIP  SPEED 

20)0. 

IB  IB. 

IB  10. 

STALES 

2 

VOL.  FLOM 

1110. 

1004. 

1041. 

GAMMA 

1.14 

►CAD  COEF 

0.422 

0.411 

0.414 

PRESS  RATIO  (T/T) 

I.B7 

FLOP  COEF 

0.111 

PRESS  RATIO  IT/S! 

1-12 

DIAACTER  RATIO 

0.111 

EXIT  MAO*  MP*KR 

0.11 

■EARING  DM 

S.00C*04 

SPECIFIC  SPEED 

44.04 

SHAFT  DIAFCTER 

20.00 

SPECIFIC  DlAfCTER 

1.27 

•  02  BOOST  TUtBUC  • 

•  02  BOOST  P*BC 

M 

• 

M 

EFFICIENCY  CT/T) 

0.007 

EFFICIENCY 

0.744 

EFFICIENCY  IT/SI 

0.744 

MORSEPOCR 

n. 

SPEED  CAP*) 

1024. 

SPEED  (RPR) 

1024. 

MEAN  DIA  (IH> 

4.04 

S  SPEED 

1024. 

EFF  MCA  I1M2) 

4.11 

►cad  cm 

242. 

USC  (ACTUAL) 

0.441 

DIA.  (INI 

1.24 

MAX  TIP  SPEED 

212. 

TIP  SPEED 

112. 

STAGES 

1 

VOL.  FLON 

421. 

CNMt 

1.14 

►CAD  COEF 

0.440 

PRESS  BATIO  IT/T  1 

1.01 

FLO*  COEF 

0.2O0 

PRESS  RATIO  IT /SI 

1.01 

MCRSEFOMEB 

11. 

tXIT  MAO*  NUROI 

0.04 

SPECIFIC  SPEED 

14.41 

SPECIFIC  DIAMETER 

0.01 

•  02  rutoiAC  • 

a  02  PIBC 

• 

• 

I* 

EFFICIENCY  (T/T) 

0.000 

EFFICIENCY 

0.740 

EFFICIENCY  (T/S) 

0.027 

HORSCPOMEB 

020. 

SPEED  (RPNI 

44414. 

SPEED  (RPM) 

44414. 

►OtSEFtACR 

020. 

SS  SPEED 

21110. 

►CAM  DIA  UN) 

2.72 

S  SPEED 

1011. 

CFF  MCA  (IK?) 

0.71 

MEAD  (FT) 

4142. 

U/C  (ACTUAL) 

O.440 

DIA.  UN) 

2.41 

MAX  TIP  SPEED 

724. 

TIP  SPEED 

421. 

stales 

2 

VOL.  FLO* 

411. 

CAM* 

1.S4 

►CAD  COEF 

0.421 

PRESS  RATIO  (T/T) 

1.11 

FLON  COEF 

o.m 

PRESS  RATIO  (T/S) 

1.12 

DIAMETER  RATIO 

0.402 

EXIT  MACH  NMCCR 

0.01 

•CARING  ON 

I . 42E*04 

SPECIFIC  SPEED 

74.15 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIAACHR 

1.01 

KfGOCRATOft  DATA 


DEL* 

CELT 
MIA 

fl  on 

prtnivMU 

MTU 
CRATIO 
£N*lM 
RCGCN  Q 


M>T  SIDE 
47.42 
-12*. ®* 
2 .74 
II. H 

».?» 

0*2 

l« 

19.04 

4101.14 


COLD  SIDE 
Sl.ll 
I10.D) 
0.74 

ii. ia 
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TABLE  28. 


FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
50,000  LBF  THRUST  (COPPER  TUBE  CHAMBER) 


engine  performance  PARAMETERS 


CHAMBER  PRESSURE 

1557.9 

VAC  ENCI*C  THRUST 

50000. 

total  engine  flon  rate 

104.17 

DEL.  VAC.  I$P 

480.0 

THROAT  AREA 

15.49 

NOZZLE  AREA  RATIO 

1000.0 

nozzle  exit  diameter 

141.34 

ENGINE  MIXTURE  RATIO 

4.00 

ETA  C» 

0.993 

CHAMBER  COOLANT  DP 

472. 

CHAMBER  COOLANT  DT 

358. 

nozzle/chamber  0 

21099. 

ENGINE  STATION  CONDITIONS 


■  FlCL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEW* 

FLON 

ENTHALPY 

B.P.  I»LET 

18.4 

37.4 

14.91 

-107.5 

B.P.  EXIT 

100.9 

38.5 

14.91 

-103.0 

PLMP  JM.FT 

100.9 

38.5 

14.91 

-103.0 

1ST  STAGE  EXIT 

1412.4 

55.5 

14.91 

-20.1 

2ND  STAGE  EXIT 

S140.0 

71.8 

14.91 

43.0 

PUMP  EXIT 

4741.5 

87.7 

14.91 

144.2 

COLD  REGEN  IN 

4494.1 

88.2 

14.91 

144.2 

COLD  regem  ex 

4447.1 

204.0 

14.91 

534.3 

COOLANT  IN_£T 

4447.1 

204.0 

14.91 

534.3 

COOLANT  EXIT 

3975.4 

541.9 

14.91 

1949.9 

TBV  imfT 

3935.8 

542.1 

0.75 

1949.9 

TBV  EXIT 

1797.4 

572.8 

0.75 

1949.9 

02  TRB  IN.ET 

3935.8 

542.1 

14.14 

1949.9 

02  TRB  EXIT 

3542.5 

550.4 

14.14 

1899.3 

K2  TRB  1N_£T 

3542.5 

550.4 

14.14 

1899.3 

N2  TRB  EXIT 

1937.7 

484.3 

14.24 

1437.2 

N2  TRB  DIFFUSER 

1891.0 

484.5 

14.14 

1437.1 

N2  BST  TRB  IN 

1872.0 

484.5 

14.14 

1437.1 

N2  BST  TR8  OUT 

1850.4 

485.4 

14.14 

1432.3 

H2  BST  TRB  DIFF 

1837.4 

485.4 

14.14 

1432.3 

wZ  BST  TRB  IN 

2819.1 

485.5 

14.14 

1432.3 

02  BST  TRB  OUT 

1808.2 

484.8 

14.14 

1429.8 

02  BST  TRB  DIFF 

1804.7 

484.8 

14.14 

1429.8 

M2  TAW  PRESS 

18.4 

495.7 

0,0242 

1445.8 

GOX  MEAT  EXCH  IN 

1797.4 

489.3 

14.88 

1445.8 

GOX  ►CAT  EXCH  OUT 

1788.7 

488.9 

14.88 

1444.4 

NOT  REGEN  IN 

1788.7 

488.9 

14.88 

1444.4 

HOT  REGEN  EX 

1735.0 

384.3 

14.88 

1255.4 

FSOV  INJET 

1735.0 

384.3 

14.88 

1255.4 

FSOV  EXIT 

1491.4 

384.4 

14.88 

1255.4 

CHAMBER  IHJ 

1475.1 

384.4 

14.88 

1255.4 

CHAMBER 

1557.9 

■  OXYGEN  SYSTEM  CONDITIONS 

• 

station 

PRESS 

TEW 

FLON 

ENTHALPY 

B.P.  INLET 

u.o 

142.7 

89.4 

41.1 

B.P.  EXIT 

125.4 

143.2 

89.4 

41.5 

PUMP  INLET 

135.4 

143.2 

89.4 

41.5 

PUMP  EXIT 

2523.0 

173.7 

89.4 

49.5 

02  TAW  PRESS 

U.O 

400.0 

0.151 

204.7 

OCV  IN-ET 

2497.8 

173.8 

89.3 

49.5 

OCV  EXIT 

1748.4 

174.4 

89.3 

49.5 

CHAMBER  IHJ 
CHAMBER 

1713.4 

1557.9 

274.8 

89.3 

49.5 

VALVE 

DELTA  P 

•  VALVE  DATA 

AREA 

• 

FLON 

X  BYPASS 

TBV 

Z 1 38 . 

0.03 

0.75 

5.00 

FSOV 

43. 

3.73 

14.88 

OCV 

749. 

0.58 

89.29 

INJECTOR 

delta  p 

INJECTOR 

AREA 

DATA  ■ 

FLON 

VELOCITY 

FUEL 

117. 

2.58 

14.88 

1117.41 

VOX 

173. 

i . :  7 

89.29 

143.07 

DENSITY 

4.37 

4.39 

4.39 

4.55 

4.44 

4.77 

4.75 

2.98 

2.98 

I.U 

1.13 

0.55 

1.13 

1.04 

1.04 

0.49 

0.47 

0.47 

0.44 

0.44 

0.45 

0.45 

0.45 

0.0071 

0.44 

0.44 

0.44 

0.78 

0.78 

0.74 

0.75 


DENSITY 

71.17 

71.20 

71.20 

71.77 

0.12 

71.73 

70.54 

70.51 
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TABLE  28.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  50,000  LBF  THRUST  (COPPER  TUBE  CHAMBER)  (CONTINUED) 


•  UMBCNACHlMOrY  rafOMMCC  DATA  ■ 


M2  BOOST  TUH1K  • 


•  K2  BOOST  FIAT  > 


EFFICIENCY  (T/T  > 
EFFICIENCY  IT/SI 
SPCEO  (RFN) 

KAN  DIA  I  |M) 

EFF  AREA  (1)0) 

U/C  (ACTUAL  I 

MAX  T IF  SPEED 
stages 

GAMMA 

PRESS  RATIO  (T/T) 
FRESS  RATIO  (T/S) 
MORSCFOCR 
EXIT  MACH  miRD 
SPECIFIC  SPEED 
SFECIFIC  OIAKTER 


ICAO  (I 

DIA.  |] 

TIF  SPEED 
ML.  FLOW 
MEAD  COEF 
FLOW  COO 


EFFICIEKY  CT/T) 
EFFICIENCY  IT/SI 
SPEED  (ATM) 

MORSE FONER 
KAN  DIA.  UN) 
EFF  AREA  I IKZ ) 
U/C  (ACTUAL) 

MAX  TIF  SPEED 
STAGES 
GAMMA 

FRESS  RATIO  IT/T) 
FRESS  RATIO  (T/S) 
EXIT  MACH  MIMED 
SFECIFIC  SPEED 
SPECIFIC  DIAKTED 


STAGE  OK 

• 

STAGE  T m  STAGE  T)4«G 

B.B74 

9FTCIOCY 

B.rsi 

4.7*4 

4.744 

MS 

>09700 

1749. 

I7S2. 

1753. 

100444. 

TOJ  (RFN) 

140404. 

100404. 

140444. 

52*4. 

SS  SPEED 

I2B14. 

2.92 

S  SPEED 

1)74. 

1142. 

1150. 

0.47 

Kao  ift) 

4GS71. 

4B3S7. 

44277. 

4.497 

BIA.  (IN) 

4.02 

4.42 

4.42 

14)3. 

TIF  SPEED 

17SS. 

I7S3. 

1754. 

2 

WL-  FLCM 

1472. 

I4SS. 

1404. 

1.42 

KA4  COEF 

B.504 

4.504 

B.505 

1.43 

MM  COEF 

4.121 

I.B9 

BlMCTCD  RATIO 

4.4S2 

4-24 

ICARIK  ON 

3-40E.04 

43.23 

WFT  BlAKTED 

34.04 

*  02  BOOST  TUtBIK  • 


•  02  BOOST  Ft**  ■ 


EFFICIENCY  (T/T) 
EFFICIENCY  (T/S) 
SPEED  (RFN) 

MEAN  DIA  (IN) 
EFF  AREA  1 1  M2) 

U/C  (ACTUAL) 

MAX  TIF  SFEZB 
STAGES 
GAMMA 

FRESS  RATIO  (T/T) 
FRESS  RATIO  (T/Sl 
MT»SCPGNED 
EXIT  MACH  NUKED 
SFECIFIC  SPEED 
SFECIFIC  DIAKTED 


SPEED  (*FM) 
S  SPEED 
KAD  (FT) 

DIA.  UN) 

TIF  SPEED 
VOL..  FLOM 


EFFICIENCY  (T/T) 
EFF  I C  IOC  V  (T/S  I 
SPEED  IRFN) 

NORSEFOKR 
KAN  DIA  (IN) 
EFF  AREA  I IKZ ) 
U/C  (ACTUAL) 

MAX  TIF  SPEED 
STAGES 
GAMMA 

PRESS  RATIO  (T/T) 
PRESS  RATIO  (T/S) 
EXIT  MACH  NUMBED 
SPECIFIC  SPEED 
SPECIFIC  DIAKTED 


(RFN)  ASMS. 

I  m. 


EFFICIENCY 
NORSEFOKR 
SPEED  (RFN) 

SS  SPEED 
S  SPEED 
MEAD  (FT) 

DIA.  UN) 

TIF  SPEED 
WL.  PURI 
KAD  COEF 
FLO*  COEF 
D1AKTER  RATIO 
REARING  DM  I. 

SHAFT  DIAKTED 


RCGEKXATOR  DATA 

COLD  Sltf  HOT  SIDE 
44.94  13.44 

US.Bt  *1 B2 .44 

l.ft)  3  .Tt 

14.91  14. BB 


EFFtCT  IvEKSS 
LTU 

CX at  10 

CHIN 
RECEN  0 


TABLE  29.  —  FULL-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  parameters 


CHAMBER  PRESSURE 

I 750.2 

VAC  ENGINE  T»*UST 

7500. 

TOTAL  ENGINE  FLOW  RATE 

IS. 62 

DEL.  VAC.  ISP 

ABO  .0 

THROAT  AREA 

2.10 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

51.67 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C* 

0.993 

CHAMBER  COOLANT  OP 

731  . 

CHAMBER  COOLANT  DT 

710. 

NOZZLE/CHAMBER  Q 

5975. 

ENGINE 

STATION 

CONDITIONS 

ii« 

•  FUEL 

SYSTEM  CONDITIONS  ■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

8.P.  INLET 

18.6 

37.4 

2.23 

-107.5 

4.37 

B.P.  EXIT 

100.3 

38.5 

2.23 

-103.0 

4.39 

PUMP  INLET 

100.3 

38.5 

2.23 

-103.0 

4.39 

1ST  STAGE  EXIT 

2804 . 9 

66.9 

2. 23 

15.5 

4.30 

2ND  STAGE  EXIT 

3447.1 

93.2 

2.23 

129.3 

4.29 

PUMP  EXIT 

5043.4 

117.8 

2.23 

239.0 

4.32 

COOLANT  INLET 

4993.0 

118.2 

2.23 

239.0 

4.30 

COOLANT  EXIT 

4262.4 

828.3 

2.23 

2913.2 

0.84 

TBV  I*_ET 

4219.8 

828.6 

0.11 

2913.2 

0.85 

TBV  EXIT 

1959.7 

843.2 

0.11 

2913.2 

0.41 

02  TUB  INLET 

4219.8 

828.6 

2.12 

2913.2 

0.85 

02  TRB  EXIT 

382  9.5 

815.6 

2.12 

2850.5 

0.80 

H2  TRB  INLET 

382  9.5 

813.6 

2.12 

2850. 5 

0-80 

K2  TRB  EXIT 

2082.2 

723.0 

2.12 

2490.3 

0.51 

M2  TRB  DIFFUSER 

2053. 7 

723.1 

2.12 

2490.3 

0.50 

H2  BST  TRB  IN 

2033.1 

723.1 

2.12 

2490.3 

0.50 

H2  BST  TRB  OUT 

2015.3 

722.0 

2.12 

2485.6 

0.49 

H2  BST  TRB  DIFF 

1999.9 

722.1 

2.12 

2485.6 

0.49 

02  BST  TRB  IN 

1979.9 

722.2 

2.12 

2485,6 

0  49 

02  BST  TRB  OUT 

1971 .0 

721.5 

2.12 

2483.0 

0.48 

02  BST  TRB  DIFF 

1969.5 

721.6 

2.12 

2483.0 

0.48 

H2  TAMC  PRESS 

18.6 

739.1 

0.0024 

2504.5 

0.0047 

GOX  HEAT  EXCH  IN 

1959.7 

727.7 

2.23 

2504.5 

0.48 

GOX  MEAT  EXCH  OUT 

1949.9 

727.4 

2.23 

2503.2 

0.48 

FSOV  IKET 

1949.9 

727.4 

2.23 

2503.2 

0.48 

FSOV  EXIT 

1901.1 

727.7 

2.23 

2503.2 

0.46 

CHAMBER  INJ 

1862.3 

727.9 

2.23 

2503.2 

0.45 

CHAMBER 

1750.2 

•  OXYGEN  SYSTEM  CONDITIONS 

m 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  l*_£T 

16.0 

162.7 

13.4 

61.1 

71-17 

B.P.  EXIT 

135.6 

163.2 

13.4 

61  .5 

71.20 

PUMP  IM.ET 

135.6 

163.2 

13.4 

61  .5 

71.20 

PUMP  EXIT 

2834.5 

177.2 

13.4 

71.4 

71  .50 

02  TAMC  PRESS 

16.0 

400.0 

0.023 

204.7 

0-  12 

OCV  IfCET 

2806.2 

177.3 

13,4 

71  .4 

71.46 

OCV  EXIT 

1964.3 

180.6 

13.4 

71.4 

70.15 

CHAMBER  INJ 

1925.2 

180.7 

13.4 

71.4 

70.09 

CHAMBER 

1750.2 

« 

VALVE  DATA  « 

VALVE 

DELTA  P 

AREA 

FLOW 

%  BYPASS 

TBV 

2260. 

0.01 

0.11 

5.00 

FSOV 

49. 

0.68 

2.23 

OCV 

842. 

0.08 

13.39 

■ 

INJECTOR 

DATA  ■ 

INJECTOR 

DELTA  P 

AREA 

FLOW 

VELOCITY 

FUEL 

132. 

0.47 

2.23 

1504.14 

LOX 

194. 

0.18 

13.39 

152.10 
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TABLE  29.  —  FULL-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


■  TURBGMACHIKRY  PERFORMANCE  DATA  * 


•  H2  BOOST  TURBIK  ■ 

■  H2  BOOST  PIP#*  • 

EFFICIENCY  (T/T) 

0.7S8 

EFFICIENCY 

0.766 

EFFICIENCY  IT/S) 

0.350 

HORSEPOKR 

14. 

SPEED  (RPM) 

75279. 

SPEED  (RPM) 

75279. 

MEAN  DIA  UN) 

0.83 

S  SPEED 

3050. 

EFF  AREA  I IN2 ) 

1.04 

PC  AD  (FT) 

2685. 

U/C  I  ACTUAL) 

0.562 

DIA.  (IN) 

1.33 

MAX  TIP  SPEED 

600. 

TIP  SPEED 

438. 

STAGES 

1 

VOL.  FLOW 

228. 

GAMMA 

1.46 

HEAD  CO EF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.02 

HORSEPOKR 

16. 

EXIT  MACH  NUMBER 

0.10 

SPECIFIC  SPEED 

166.08 

SPECIFIC  DIAMETER 

0.51 

•  H2  TURBIK  ■ 

■  H2  PUMP 

■  ■ 

• 

STAGE  one 

STAGE  TWO 

STAGE  THREE 

EFFICIENCY  (T/T) 

0.808 

EFFICIENCY  0.615 

0.62) 

0.626 

EFFICIENCY  (T/S) 

0.787 

HORSEPOKR  375. 

360. 

347. 

SPEED  (RPM) 

187500. 

SPEED  (RPH)  187500. 

187500. 

187500. 

HORSEPOWER 

1082. 

SS  SPEED  9340. 

MEAN  DIA.  (IN) 

1.65 

S  SPEED  779. 

797. 

813. 

EFF  AREA  (IK2) 

0.11 

KAO  (FT)  56759. 

S5094. 

5X385. 

U/C  (ACTUAL) 

0.549 

DIA.  (IN)  2.2 9 

2.29 

2. 29 

MAX  TIP  SPEED 

1456. 

TIP  SPEED  1874. 

1874. 

1873. 

STAGES 

3 

VOL.  FLOW  233. 

234. 

232. 

GAMMA 

1.44 

KAO  COEF  0.520 

0.505 

0.489 

PRESS  RATIO  t T/T) 

1.84 

FLOW  COEF  0.095 

PRESS  RATIO  CT/S) 

1.87 

DIAKTER  RATIO  0.322 

EXIT  MACH  NUMBER 

0.14 

BEARING  DN  5-00C*06 

SPECIFIC  SPEED 

54.79 

SHAFT  DIAKTER  16.00 

SPECIFIC  DIAMETER 

1.42 

■  02  BOOST  TURBIK  ■ 

■  02  BOOST  Pit**  * 

EFFICIENCY  (T/TI 

0.805 

EFFICIENCY 

0.764 

EFFICIENCY  (T/S) 

0.658 

HQRSEPOKR 

8. 

SPEED  (RPM) 

20183. 

SPEED  (RPM) 

20183. 

MEAN  DIA  (IN) 

2.25 

S  SPEED 

3026. 

EFF  AREA  C IN2 ) 

1.49 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

1.49 

MAX  TIP  SPEED 

237. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

85. 

GAMMA 

1.44 

KAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.00 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1-0) 

HORSEPOWER 

8. 

EXIT  MACH  NUMBER 

0.03 

SPECIFIC  SPEED 

100.36 

SPECIFIC  OIAtCTER 

0.82 

•  02  TURBINE  ■ 

•  02  PIMP 

m 

■ 

EFFICIENCY  (T/T) 

0.804 

EFFICIOCY 

0.703 

EFFICIENCY  (T/S) 

0.754 

HORSEPOKR 

188. 

SPEED  (RPM) 

127128. 

SPEED  (RPM) 

127128. 

HORSEPOWER 

188. 

SS  SPEED 

22848. 

MEAN  DIA  (IN) 

1.65 

S  SPEED 

1843. 

EFF  AREA  ( IN2 ) 

0.17 

HEAD  (FT) 

5434. 

U/C  (ACTUAL) 

0.515 

OIA.  (IN) 

1.18 

MAX  TIP  SPEED 

981. 

TIP  SPEED 

653. 

STAGES 

1 

VOL.  FLOW 

84. 

GAMMA 

1  .44 

KAD  COEF 

0.410 

PRESS  RATIO  (T/TI 

1.  JO 

FLON  COEF 

0.155 

PRESS  RATIO  (T/S) 

1.11 

DIAKTER  RATtO 

0.681 

EXIT  MACH  NUMBER 

0.09 

BEARING  DN 

I .55E*06 

SPECIFIC  SPEED 

48.50 

SHAFT  DIAKTER 

12.00 

SPECIFIC  DIAMETER 

1.52 
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TABLE  30.  —  FULL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1556.2 

VAC  ENGINE  THRUST 

1S000. 

TOTAL  EMTUC  FLOW  RAT£ 

31.25 

DEL.  VAC.  ISP 

<80.0 

THROAT  AREA 

A. 71 

nozzle  area  ratio 

1000.3 

NOZZLE  EXIT  DIAMETER 

77.46 

ENGINE  MIXTURE  RATIO 

A. 00 

ETA  C» 

0.993 

CHAMBER  COOLANT  DP 

S23. 

CHAMBER  COOLANT  DT 

535. 

NOZZLE/CHAMBCR  Q 

9138. 

ENGINE  STATIC*  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  * 


STATION 

PRESS 

TOP 

FLON 

ENTHALPY 

DENSITY 

B.P.  IMET 

18.6 

37.6 

4.47 

-107.5 

4.37 

B.P.  EXIT 

100.5 

SB. 5 

4.47 

-103.6 

4.39 

PUK>  INLET 

100.5 

38.5 

4.47 

-103.6 

4.39 

1ST  STAGE  EXIT 

1526. 5 

58.2 

4.47 

-15.2 

4.43 

290  STAGE  EXIT 

29*4.9 

77.0 

4.47 

71.3 

4.48 

PUM>  EXIT 

*356.9 

95.0 

4.47 

156.4 

4.53 

COOLANT  INLET 

*313.3 

95.4 

4.47 

156.4 

4.51 

COOLANT  EXIT 

3789.8 

630.7 

4.47 

2200.2 

8.99 

TBV  I  MET 

37S1.9 

630.9 

0.22 

2200.2 

0.98 

TBV  EXIT 

1742.3 

642.6 

0.22 

2200.2 

0.48 

02  TRB  IHET 

3751.9 

630.9 

4.25 

2200.2 

0.98 

02  TRB  EXIT 

3374.2 

618.6 

4.25 

2146.9 

0.91 

N2  TRB  I  MET 

3374.2 

618.6 

4.25 

2146.9 

0.91 

M2  TRB  EXIT 

1866.0 

551.4 

4.25 

1873.8 

0.59 

M2  TRB  DIFFUSER 

1834.4 

551.7 

4.25 

1873.8 

0.58 

H2  BST  TRB  IN 

1816. 1 

551.7 

4.25 

1873.8 

0.58 

KZ  BST  TRB  OUT 

1794.8 

550.6 

4.25 

1869.1 

0.57 

H2  BST  TRB  DIFF 

1780.4 

550.7 

4.25 

1869.1 

0.57 

02  BST  TRB  IN 

1762.6 

550.7 

4.25 

1869.1 

0.56 

02  BST  TRB  OUT 

1752.6 

550.1 

4.25 

1866-5 

0.56 

02  BS1  TRB  DIFF 

1751.1 

550.1 

4.25 

1866-5 

0.56 

KZ  TAMC  PRESS 

18.6 

542.4 

0.0064 

1883.2 

0.0062 

GOX  MEAT  EX  CM  IN 

1742.3 

554-7 

4.46 

1883.2 

0.55 

GOX  MEAT  EXCH  OUT 

1733.6 

554.4 

4.46 

1881.8 

0.55 

FSOV  IMET 

1733.6 

554.4 

4.46 

1881 .8 

0.55 

FSOV  EXIT 

1690.2 

554.4 

4.46 

1881.8 

0.54 

CHAMBER  1NJ 

1655.8 

554.7 

4.46 

1881.8 

0.53 

CHAMBER 

1556.2 

■  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEM> 

FLON 

ENTHALPY 

DENSITY 

B.P.  IMET 

16.0 

142.7 

26.8 

61.1 

71.17 

B.P.  EXIT 

135.6 

163.2 

26.8 

61.5 

71.20 

PUM>  IMET 

135.6 

163.2 

26.8 

61.5 

71.20 

P10#»  EXIT 

2520.3 

174.6 

26.8 

69.9 

71.59 

02  TANK  PRESS 

16.0 

400.0 

0.045 

204.7 

0.12 

OCV  IMET 

2495.1 

174.9 

26.8 

69.9 

71.55 

OCV  EXIT 

1746.6 

177.7 

26.8 

69.9 

70.38 

CHAMBER  INJ 

1711.8 

177.8 

26.8 

69.9 

70.33 

CHAMBER 

1556.2 

■  VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

TBV 

2010. 

0.01 

0.22 

5.06 

FSOV 

43. 

1.34 

4.46 

OCV 

749. 

0.17 

26.79 

- 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  P 

AREA 

FLOW 

VELOCITY 

FUEL 

117. 

0.92 

4.46 

1321 .67 

LOX 

173. 

0.38 

26.79 

143.17 
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TABLE  30.  —  FULL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


«  TURBOHACHlNEfiV  PERFORMANCE  DATA  • 


■  H2  BOOST  TURBINE  ■ 

• 

H2  BOOST  PUMP  ■ 

EFFICIENCY  (T/T) 

0. 742 

EFFICIENCY 

0.766 

EFFICIENCY  tT/Sl 

0.390 

HORSEPOWER 

29. 

SPEED  (RPH) 

53252 . 

SPEED  (RPM) 

53252. 

►CAN  0 1 A  (IM) 

1 .26 

S  SPEED 

3069. 

EFF  AREA  IINC  ) 

1  .  74 

HEAD 

(FT) 

2669. 

U/C  (ACTUAL) 

0.553 

DIA. 

( IN) 

1.89 

MAX  TIP  SPEED 

389. 

TIP  SPEED 

638. 

STAGES 

I 

VOL. 

FLOW 

657. 

GAMMA 

1.37 

HEAD 

COEF 

0.650 

PRESS  RATIO  IT/'T  1 

1.01 

flow 

COEF 

0.201 

PRESS  RATIO  (T/S) 

1.02 

HORSEPOWER 

29. 

EXIT  MACH  NUMBER 

0.  u 

SPECIFIC  SPEED 

146.55 

SPECIFIC  DIAMETER 

0.52 

•  K2  TURBI*€  ■ 

■  M2  PUMP 

i« 

• 

STAGE  (RC 

stage  two 

STAGE  T>*££ 

EFFICIENCY  (T/T) 

0  .818 

EFFICIENCY 

0.660 

0.661 

0.681 

EFFICIENCY  (T/S) 

0.790 

HORSEPOWER 

556. 

S67. 

538. 

SPEED  (RPM) 

136343. 

SPEED  (RPM) 

136363. 

136363. 

136363. 

HORSEPOWER 

1661 . 

SS  SPEED 

9599. 

►CAN  DIA.  (IN) 

2.62 

S  SPEED 

917. 

922. 

927. 

EFF  AREA  (IK?) 

0.23 

►CAD  (FT) 

66666. 

65825. 

65101. 

U/C  (ACTUAL) 

0.550 

DIA.  (IK) 

2.85 

2.85 

2.85 

MAX  TIP  SPEED 

1536. 

TIP  SPEED 

1696. 

1695. 

14*6. 

STAGES 

2 

VOL.  FLOW 

653. 

666 . 

663. 

GAMMA 

1.37 

HEAD  COEF 

0.521 

0.513 

0.505 

PRESS  RATIO  (T/T) 

1.81 

FLOW  COEF 

0.105 

PRESS  RATIO  (T/S) 

1  .85 

DI AJCTER  RATIO 

0.363 

EXIT  MACH  NUMBER 

0.17 

BEARING  DN 

3 . DOE*  06 

SPECIFIC  SPEED 

68.65 

SHAFT  DIAMETER 

22.00 

SPECIFIC  DIAMETER 

1.61 

•  02  BOOST  TURBINE  ■ 

■  « 

■ 

*• 

02  BOOST  PUMP  ■ 

EFFICIENCY 

(T/TJ 

0.826 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0.689 

HORSEPOWER 

15. 

SPEED 

(RPM) 

16271. 

SPEED  (RPM) 

16271  . 

►CAN  DIA 

(IN) 

3.18 

S  SPEED 

3026. 

EFF  AREA 

(IK?) 

2.59 

HEAD  (FT) 

262. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.11 

MAX  TIP  SPEED 

236. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

269. 

GAMMA 

1.37 

HEAD  COEF 

0.650 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

IS. 

EXIT  MACH  NUMBER 

0.06 

SPECIFIC  SPEED 

96.18 

SPECIFIC  DIAMETER 

0.86 

■  02  TURBI»€  ■  •  07  PIPC  • 


EFFICIENCY 

<  T/T  ) 

0.821 

EFFICIENCY 

0.730 

EFFICIENCY 

(T/S) 

0.747 

HORSEPOWER 

321  . 

SPEED 

(RPM) 

86687. 

SPEED  (RPM) 

84687. 

HORSEPOWER 

321. 

SS  SPEED 

21475. 

►CAN  DIA 

(IN) 

2.62 

S  SPEED 

1902. 

EFF  AREA 

(IN2) 

0.33 

HEAD  (FT) 

4  795. 

U/C  (ACTUAL) 

0.565 

DIA.  (IN) 

1.64 

MAX  TIP  SPEED 

952. 

TIP  SPEED 

406. 

STAGES 

1 

VOL.  FLOW 

168. 

GAMMA 

1.37 

HEAD  COEF 

0.420 

PRESS  RATIO 

(T/T) 

1.11 

FLOW  COEF 

0.158 

PRESS  RATIO 

(T/S) 

l .  12 

DIAMETER  RATIO 

0.683 

EXIT  MACH  NUM8ER 

0.10 

BEARING  UN 

1 . 52E  *06 

SPECIFIC  SPEED 

68.53 

SHAFT  DIAMETER 

ie  ,oo 

SPECIFIC  DIAMETER 

1.61 

TABLE  31.  —  FULL-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  pressure 

1491 .7 

VAC  ENGINE  THRUST 

25000. 

TOTAL  ENGINE  FLOW  RATE 

52.0* 

DEL.  VAC.  ISP 

<-80 .0 

THROAT  AREA 

8.1* 

WOZ?LE  AREA  RATIO 

1000.0 

MG7?LE  EXIT  DIAMETER 

102.12 

ENGINE  MIXTURE  RATIO 

5.00 

ETA  C- 

0.993 

CHAMBER  COOLANT  DP 

473. 

CHAMBER  COOLANT  DT 

448. 

NOZZLE /CHAMBER  0 

12774. 

ENG  INF  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

8.P.  IH_£T 

18.5 

37.4 

7.45 

-107.5 

4.37 

8.P .  EXIT 

100.4 

58.5 

7.45 

-103.0 

4.39 

PlA*»  IM  FT 

100.4 

38.5 

7.45 

-103-0 

4.39 

1ST  STAGE  EXIT 

1433.1 

54.5 

7.45 

-27.1 

4.50 

2ND  STAGE  EXIT 

2782.0 

70.0 

7.45 

48.6 

4.58 

PUMP  EXIT 

4147.2 

85.1 

7.45 

123.9 

4.67 

COOLANT  INLET 

4105.7 

85.5 

7.45 

123.9 

4.65 

COOLANT  EXIT 

3432.5 

533.3 

7.45 

1837.8 

1.11 

TBV  If4_£T 

3594. 2 

533.5 

0.37 

1837.8 

1.10 

TBV  EXIT 

1470.3 

542.4 

0.37 

1837.8 

0.54 

02  TRB  IM.ET 

3595.2 

533.5 

7.08 

1837.8 

1  .  10 

02  TRB  EXIT 

3211.3 

521.9 

7.08 

1788.0 

1.02 

M2  TRB  INLET 

3211.3 

521.9 

7.08 

1788.0 

1.02 

K2  TRB  EXIT 

1799.8 

463.1 

7.08 

1549.3 

0.48 

M2  TRB  DIFFUSER 

1740.7 

463.3 

7.08 

1549.3 

0.66 

M2  BST  TRB  IN 

1745. I 

463.3 

7.08 

1549.3 

0.66 

H2  BST  TRB  OUT 

1721.4 

462.1 

7 .08 

1544.5 

0.45 

M2  8ST  TR8  DIFF 

1708. 1 

462.2 

7.08 

1544.5 

0.64 

02  BST  TRB  IN 

1491.0 

462.3 

7.08 

1544.5 

0.64 

02  BST  TRB  OUT 

1480.2 

461.6 

7.08 

1542.0 

0.64 

02  BST  TRB  DIFF 

1478.7 

441.6 

7.08 

1542.0 

0.64 

K2  TAf*  PRESS 

18.4 

471.0 

0.0127 

1556.8 

0.0074 

GOX  HEAT  EXCH  IN 

1470.3 

465.6 

7.44 

1556.8 

0.63 

GOX  HEAT  EXCH  OUT 

1441.9 

465.3 

7.44 

1555.4 

0.62 

FSOV  IM-ET 

1441.9 

465.3 

7.44 

1555.4 

0.62 

FSOV  EXIT 

1420.4 

465.4 

7.44 

1555  4 

0.41 

CHAMBER  INJ 

1587.3 

4  65.5 

7.44 

1565.4 

0.40 

CHAMBER 

1491.7 

•  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IHJET 

14.0 

162.7 

44.7 

41 . 1 

71.17 

B.P.  EXIT 

135.4 

163.2 

44 . 7 

41.5 

71.20 

PUMP  IM.ET 

135.4 

163.2 

44.7 

41.5 

71  .20 

P EXIT 

2a 15 . 8 

173.8 

44.7 

69.3 

71.65 

02  TANK  PRESS 

14.0 

400.0 

0.076 

204. 7 

0.12 

ocv  inlet 

2391.7 

173.9 

44.6 

49.3 

71  .61 

OCV  EXIT 

1474.2 

176.6 

44.6 

49.3 

70.50 

CHAMBER  INJ 

1440.9 

1  76.7 

44.6 

44.3 

70.44 

CHAMBER 

1491.7 

•  VALVE  DATA  ■ 

VALVE 

DLL  TA  P 

AREA 

non 

X  BYPASS 

TBV 

1924. 

0.02 

0.37 

5-00 

FSOV 

42. 

2.14 

7.44 

or  4 

718. 

0.29 

44.64 

• 

INJECTOR 

DATA  • 

INJECTOR 

delta  p 

AREA 

Fl.OM 

VELOCITY 

FUEL 

112. 

l  .47 

7.44 

1218 . 70 

LOK 

144. 

0.65 

44.44 

140.06 
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TABLE  31.  —  FULL-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


■  TURBONACMl»CRY  PERFORMANCE  DATA  • 


■  H2  BOOST  TURBINE  » 

•  « 

■ 

H2  boost  puw> 

■ 

EFFICIENCY  (T/T) 

0.834 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.458 

HORS£PO*CR 

48. 

SPEED  (RPM) 

A 1277. 

SPEED  (RPN) 

41277. 

MEAN  DIA  (IN) 

1  .AS 

S  SPEED 

3848. 

EFF  AREA  ( IN2 ) 

2.72 

HEAD 

(FT  ) 

2494. 

U/C  (ACTUAL ) 

0.534 

DIA. 

(IN) 

2.43 

MAX  TIP  SPEED 

374. 

TIP  SPEED 

439. 

STAGES 

1 

VOL. 

FLOW 

742- 

GAJmA 

1.39 

HEAD 

COEF 

0.458 

PRESS  RATIO  IT/T) 

1.01 

FLOM 

COEF 

0.281 

PRESS  RATIO  (T/S) 

1.02 

NORSE POMES 

48. 

EXIT  MACH  NUMBER 

o.n 

SPECIFIC  SPEED 

150.00 

SPECIFIC  DIAMETER 

0.53 

■  H2  TURBINE  ■ 

«  K?  PUMP  • 

stage  ®c  stage  mo 

STAGE  THREE 

EFFICIENCY  CT/T) 

0.649 

EFFICIENCY 

0.727 

0.724 

0.725 

EFFICIENCY  (T/S) 

0.830 

HORSEPO^R 

800. 

797. 

794. 

SPEED  (RPN) 

125000. 

SPEED  (RPM) 

125000. 

125880. 

125000. 

HORSEPOWER 

2391. 

SS  SPEED 

11347. 

MEAN  DIA.  (IN) 

2.44 

S  SPEED 

1142. 

1134. 

1131. 

EFF  AREA  UN?) 

0.34 

HEAD  (FT) 

42954. 

42738. 

42491. 

U/C  (ACTUAL) 

0.550 

DIA.  (IN) 

3.04 

3.04 

3.04 

MAX  TIP  SPEED 

1445. 

TIP  SPEED 

1458. 

1458. 

1458. 

STAGES 

2 

VOL-  FLOM 

744. 

730. 

717. 

GAMU 

1.39 

(CAD  COEF 

0.503 

0.500 

0.497 

PRESS  RATIO  CT/T) 

1.78 

FLOM  COEF 

0.119 

PRESS  RATIO  (T/S) 

1.84 

OlAFCTER  RATIO 

0.415 

EXIT  MACH  NUMBER 

0.19 

BEARING  ON 

3.00E-04 

SPECIFIC  SPEED 

41.19 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIAMETER 

1.33 

■  02  BOOST  TURBINE  «• 

■  i 

■ 

■  i 

02  BOOST  PUW> 

• 

EFFICIENCY  (T/T) 

0.877 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.740 

MORSEPCACR 

24. 

SPEED  (RPM) 

11054. 

SPEED  (RPMl 

11054. 

MEAN  DIA  (IN) 

4.11 

S  SPEED 

3024. 

EFF  AREA  (IN2) 

3.89 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.72 

MAX  TIP  SPEED 

232. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOM 

282. 

GAMMA 

1.39 

HEAD  COEF 

0.450 

PRESS  RATIO  (T/TJ 

I  .01 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1 .01 

HORSEPOWER 

24. 

EXIT  MACH  NUMBER 

0.04 

SPECIFIC  SPEED 

94.95 

SPECIFIC  DIAICTER 

0.90 

■  02  TURBI(C  ■  ■  CJ2  Pl*P  ■ 


EFFICIENCY 

(T/T) 

0.850 

EFFICIENCY 

0.747 

EFFICIENCY 

(T/S) 

0.782 

HORSEPO^R 

498. 

SPEED 

(RPM) 

4SB04 . 

SPEED  (RPN) 

43884. 

HORSEPOWER 

498. 

SS  SPEED 

20937. 

MEAN  DIA 

(  IN) 

2.44 

S  SPEED 

1918. 

EFF  AREA 

UN2) 

0.51 

HEAD  (FT ) 

4581. 

U/C  (ACTUAL) 

0.4J5 

DIA.  (IN) 

2.11 

MAX  TIP  SPEED 

749. 

TIP  SPEED 

588. 

STAGES 

1 

VOL.  FLOW 

280. 

GAMMA 

1 .39 

HEAD  COEF 

0.424 

PRESS  RATIO 

(T/T) 

1.12 

FLOW  COEF 

0.159 

PRESS  RATIO 

(T/S) 

I  .13 

DIAMETER  RATIO 

0.484 

FX1T  MACH  NUMBER 

0.11 

BEARING  ON 

1  .<.0C«04 

SPECIFIC  SPEED 

47.44 

SHAFT  DIAMETER 

22.00 

SPECIFIC  DlAJCTfR  1.35 
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TABLE  32.  —  FULL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  pressure 

135* -  9 

VAC  ENGJtC  THRUST 

37500. 

TOTAL  engine  FLOW  RATE 

78.14 

DEL.  VAC.  ISP 

*7*  .9 

T*«OAT  AREA 

13.7? 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

132.14 

ENGItC  MIXTURE  RATIO 

4.00 

ETA  C« 

0.99J 

CHAMBER  COOLANT  DP 

384. 

CHAMBER  COOLANT  DT 

374. 

NOZZLE/CHAMBER  Q 

14125. 

ENGINE  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P.  IHXT 

18.4 

37.4 

11.18 

-107.5 

4.37 

B.P.  EXIT 

100.7 

38.5 

11.  IB 

-103.0 

4.39 

PUMP  IHXT 

100.7 

38.5 

11  .  IB 

-103.0 

4.39 

1ST  STAGE  EXIT 

1247.4 

51.4 

11.18 

-39.0 

4.52 

2ND  STAGE  EXIT 

2<40.2 

44.3 

11.18 

25.0 

4.4  2 

PUMP  EXIT 

3473.3 

74.4 

11.  IB 

89.2 

4.69 

COOLANT  IM_£T 

3434.4 

77.0 

11.18 

89. 2 

4.48 

COOLANT  EXIT 

32S0.7 

452.5 

11.18 

1530.9 

1.17 

TBV  INLET 

3218.2 

452.  7 

0.54 

1530.9 

1.16 

TBV  EXIT 

1494.  5 

459.3 

0.54 

1530.9 

0-57 

02  TUB  I*_ET 

3218.2 

452.7 

10.43 

1530.9 

1  .  16 

02  TRB  EXIT 

287S.4 

442.7 

10.43 

1487.4 

1.07 

K2  TRB  IfA_ET 

28  75.4 

442.7 

10.43 

1487. 4 

1.07 

H2  TRB  EXIT 

1423.9 

394.1 

10.63 

1285. 1 

0.72 

K2  TRB  DIFFUSER 

158 1 .4 

394.2 

10.63 

1285. 1 

0.70 

H2  BST  TRB  IN 

1545.8 

394.2 

10.63 

1285.1 

0.70 

M2  BST  TRB  OUT 

1543.3 

393.1 

10.63 

12S0.3 

0.49 

M2  BST  TRB  DIFF 

1530.1 

393.1 

10.63 

1280.3 

0.48 

02  BST  TRB  IN 

1514.8 

393.2 

10.63 

1280.3 

0.47 

02  BST  TRB  OUT 

1503.5 

392.5 

10.63 

1277.8 

0.47 

02  BST  TRB  DIFF 

1502.0 

392.5 

10.63 

1277.8 

0.47 

M2  TANK  PRESS 

18.4 

398.4 

0.0225 

1290.4 

0.0088 

COX  ►CAT  EXCH  IN 

1494.5 

395.8 

11.14 

1290.4 

0.44 

GOX  HEAT  EXCH  OUT 

1487.0 

395.5 

II. 14 

1289.0 

0.46 

FSOV  IfCET 

1487.0 

395.5 

11.14 

1289.0 

0.66 

FSOV  EXIT 

1449.9 

395.4 

11.14 

1289.0 

0.44 

CHAMBER  INJ 

1420.3 

395.4 

11.14 

1289.0 

0.43 

CHAMBER 

1334.9 

*  OXYGEN  SYSTEM  CONDITIONS 

. 

STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P.  I*_£T 

14.0 

162.7 

47.1 

41.1 

71.17 

B.P.  EXIT 

135.4 

163.2 

67.1 

41.5 

71.20 

PUMP  IH.ET 

135.4 

163.2 

67.1 

41  .5 

71.20 

PUMP  EXIT 

2142.0 

172.3 

67.1 

48.3 

71.45 

02  TAHC  PRESS 

14.0 

400.0 

0.114 

204.7 

0.12 

OCV  IN-ET 

2140.4 

172.4 

67.0 

48.3 

71.42 

OCV  EXIT 

1498.3 

174.9 

67.0 

48.3 

70.41 

CHAMBER  INJ 

1448.4 

175.0 

67.0 

48.3 

70.57 

CHAMBER 

1334.9 

•  VALVE  DATA  ■ 

VALVE 

DELTA  P 

AREA 

FLOM 

X  BYPASS 

TBV 

1724. 

0.03 

0.54 

5.00 

FSOV 

37. 

3.30 

11.14 

OCV 

442. 

0.47 

44.97 

■ 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  p 

AREA 

VELOCITY 

FUEL 

100. 

2.28 

11.14 

1117.82 

LOK 

148. 

1  .03 

44 . 97 

132.38 
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TABLE  32.  —  FULL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


*  Tl^BOMACHINERY  PERFORMANCE  DATA  « 


•  H2  BOOST  TURBINE  ■ 

a 

H2  BOOST  PUW>  » 

EFFICIENCY  (T/T) 

0.847 

EFFICIENCY 

0.745 

EFFICIENCY  (T/S) 

0.475 

HORSEPOWER 

72. 

SPEED  (RPM) 

33715. 

SPEED  (RPM) 

33715. 

MEAN  DIA  UN) 

1.78 

S  SPEED 

3047. 

EFF  AREA  CIN2) 

3.90 

HEAD 

(FT) 

2497. 

U/C  (ACTUAL) 

0.536 

DIA. 

(IN) 

2.98 

MAX  TIP  SPEED 

372. 

TIP  SPEED 

439. 

STAGES 

1 

VOL. 

FLOW 

1144. 

GAMMA 

1  .41 

Ft  AD 

COEF 

0.450 

PRESS  RATIO  CT/T) 

1.01 

FLOW 

COEF 

0.201 

PRESS  RATIO  (T/S) 

1.03 

HORSEPOWER 

72. 

EXIT  MACH  NUMBER 

0.12 

SPECIFIC  SPEED 

150.00 

SPECIFIC  DIAMETER 

0.54 

*  H2  TURBINE  « 

•  H2  PUMP 

■  a 

a 

STAGE  OtC 

STAGE  TWO 

STAGE  Tt«l£E 

EFFICIENCY  (T/T) 

0.881 

EFFICIENCY 

0.754 

0.752 

0.752 

EFFICIENCY  (T/S) 

0.834 

HORSEPOWER 

1012. 

1015. 

1015. 

SPEED  (RPM) 

107143. 

SPEED  (RPM) 

107143. 

107143. 

107143. 

HORSEPOWER 

3042. 

SS  SPEED 

11905. 

MEAN  DIA.  (IN) 

2.45 

S  SPEED 

1325. 

1510. 

1300. 

EFF  AREA  ( IN?) 

0.55 

HEAD  (FT) 

37518. 

37553. 

37495. 

U/C  (ACTUAL) 

0.550 

DIA.  (IN) 

3.37 

3.37 

3.37 

MAX  TIP  SPEED 

1373. 

TIP  SPEED 

1575. 

1575. 

1575. 

STAGES 

2 

VOL.  FLOW 

1111. 

1087. 

1049. 

GAMMA 

1.41 

HEAD  COEF 

0.487 

0.487 

0.486 

PRESS  RATIO  (T/T) 

1.77 

FLOW  COEF 

0.130 

PRESS  RATIO  (T/S) 

1.83 

DIAMETER  RATIO 

0.451 

EXIT  MACH  NUMBER 

0.21 

BEARING  DN 

3 . 00£*04 

SPECIFIC  SPEED 

70.25 

SHAFT  DIAMETER 

28.00 

SPECIFIC  DIAMETER 

1.18 

■  i 

taaaa 

■  02  BOOST  TURBINE  -  •  02  BOOST  PU*>  ■ 


EFFICIENCY 

(T/T) 

0.887 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.752 

HORSEPOWER 

39. 

SPEED 

(RPM) 

9026. 

SPEED  (RPM) 

9024. 

MEAN  OIA 

UN) 

5.03 

S  SPEED 

3024. 

EFF  AREA 

(  IN2  ) 

5.58 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.34 

MAX  TIP  SPEED 

231. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

423. 

GAMMA 

1  .41 

HEAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

l.OI 

FLOW  COEF 

0.700 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

39. 

EXIT  MACH  NUMBER 

0.04 

SPECIFIC  SPEED 

93.77 

SPECIFIC  DIAMETER 

0.91 

■  02  TUR8INE  •  ■  02  PUMP  • 


EFFICIENCY 

(T/T) 

0.880 

EFFICIENCY 

0.760 

EFFICIENCY 

CT/S) 

0.873 

HORSEPOWER 

453. 

SPEED 

(RPM) 

49369. 

SPEED  (RPM) 

49369. 

HORSEPOWER 

653. 

SS  SPEED 

19847. 

MEAN  OIA 

(  IN) 

2.65 

S  SPEED 

1986. 

EFF  AREA 

(  IN2) 

0.79 

ECAD  (FT) 

4071  . 

U/C  (ACTUAL) 

0.546 

DIA.  (IN) 

2.54 

MAX  TIP  SPEED 

64  7. 

TIP  SPEED 

557. 

STAGES 

2 

VOL .  FLOW 

470. 

GAMMA 

1  .41 

HEAD  COEF 

0.431 

PRESS  RATIO 

(T/T  ) 

1  .  17 

FLOW  COEF 

0.147 

PRESS  RATIO 

(  T/S) 

1.13 

DIAMETER  RATIO 

0.686 

EXIT  MACH  NUMBER 

0. 10 

BEARING  DN 

I  .  S8F  *0* 

SPECIFIC  SPEED 

80.41 

Shat  t  diaictfr 

78.00 

SPECIFIC  OIAMTTEP 

1.03 

TABLE  33.  —  FULL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


rfDFORHAMC^  PARAMETERS 


CHAMBER  PRESSURE 

1 342.  3 

VAC  ENGINE  TH*UST 

50000. 

TOTAL  ENGINE  FLOW  RATE 

104. 18 

DEL.  VAC.  ISP 

479.9 

THROAT  AREA 

18.19 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  BI47CTER 

15Z. 19 

ENGItC  MIXTURE  RATIO 

6.00 

ETA  C* 

0.993 

CHAMBER  COOLANT  OP 

361  . 

CHAMBER  COOLANT  OT 

365. 

NOZZLE/CHAMBER  O 

20902. 

ENG  I  ME  STATION  COM)!  TICKS 


•  FUEL  SYSTEM  CXMJITtONS  ■ 


station 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IM_ET 

18.6 

37.4 

14.91 

-107.5 

4.37 

B.P.  EXIT 

100.  7 

38.5 

14.91 

-103.0 

4.39 

PUMP  INLET 

100.7 

38.5 

14.91 

-103.0 

4.39 

1ST  STAGE  EXIT 

1240.0 

51  .0 

14.91 

-40.6 

4.53 

2ND  STAGE  EXIT 

2449.2 

43.2 

14.91 

22.0 

4.64 

PUMP  EXIT 

3666.8 

75.1 

14.91 

64.8 

4.74 

COOLANT  INLET 

3430.1 

75-4 

14.91 

84.8 

4.72 

COOLANT  EXIT 

3268.8 

440.8 

14.91 

1486.4 

1.20 

TBV  IM.ET 

3236.1 

440.9 

0.75 

I486. 4 

1.19 

TBV  EXIT 

1502.6 

447.3 

0.75 

1486.4 

0.59 

02  TRB  IM.ET 

3236.1 

440.9 

14.17 

1486.4 

1.19 

02  TRB  EXIT 

2884.1 

431.0 

14.17 

1443.2 

1.10 

H2  TRB  IH.ET 

2884.1 

431.0 

14.17 

1443.2 

1 .10 

H2  TRB  EXIT 

1437.4 

383.9 

14.17 

1245.3 

0.74 

H2  TRB  DIFFUSER 

1590.4 

384.0 

14.17 

1 245 . 3 

0.72 

H2  BST  TRB  IN 

1574.5 

384.0 

14.17 

1245.3 

0.72 

HZ  BST  TRB  OUT 

1551.5 

382.8 

14.17 

1240.6 

0.71 

M2  BST  TRB  DIFF 

1538.6 

382.9 

14.17 

1240.6 

0.70 

02  BST  TRB  IN 

1523.2 

382.9 

14.17 

1240.6 

0.69 

02  BST  TR8  OUT 

1511.7 

382.3 

14.17 

1238.0 

0.69 

02  BST  TRB  DIFF 

1510.1 

382.3 

14.17 

1238.0 

0.69 

H2  TAA#C  PRESS 

18.6 

387.9 

V. 0309 

1250.4 

0.0090 

GOX  HEAT  EXCH  IN 

1502.6 

385.5 

14.88 

1250.4 

0.68 

GOX  HEAT  EXCH  OUT 

1495.1 

385.1 

14.88 

1249.0 

0.68 

FSOV  INLET 

1495.1 

385.1 

14.88 

1249.0 

0.68 

FSOV  EXIT 

1457.7 

385.2 

14.88 

1249.0 

0.66 

CHAMBER  I«J 

1428.0 

385.3 

14.88 

1249.0 

0.65 

CHAMBER 

1342.3 

■  OXYGEN  SYSTEM 

!  CONDITIONS 

. 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

142.7 

89.4 

61 . 1 

71.17 

B.P.  EXIT 

135.6 

163.2 

89.4 

61.5 

71.20 

PUMP  INLET 

135.6 

143.2 

89.4 

61.5 

71.20 

PUMP  EXIT 

2173.9 

172.2 

89.4 

68.3 

71.69 

02  TANK  PRESS 

16.0 

400.0 

0.151 

204 . 7 

Q.  12 

OCV  INLET 

2152.2 

172.3 

89.3 

68.3 

71.65 

OCV  EXIT 

1506.5 

174.7 

89.3 

68.3 

70.64 

CHAMBER  INJ 

1474.5 

174.8 

89.3 

68.3 

•»< 

o 

o 

CHAMBER 

1342.3 

■ 

VALVE  DATA  « 

VALVE 

DELTA  p 

AREA 

FLOW 

X  BYPASS 

TBV 

1733. 

0.03 

0.75 

5.00 

FSOV 

37. 

4.32 

14.88 

OCV 

446. 

0.62 

89.30 

■ 

INJECTOR 

DATA  » 

INJECTOR 

DELTA  P 

AREA 

FLOW 

VELOCITY 

FUEL 

101  . 

7.98 

14.88 

1104.05 

LOX 

149. 

1.37 

89.30 

132 . 72 
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TABLE  33.  —  FULL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


«  turbohachinery  performance  data  « 


■  H2  BOOST  TURBINE  ■ 

■  < 

■ 

M2  BOOST  PUW> 

■  ■ 

* 

EFFICIENCY  CT/T) 

0.861 

EFFICIENCY 

0.765 

EFFICIENCY  tT/S) 

0.489 

HORSEPOCR 

96. 

SPEED  (RPM) 

29193. 

SPEED  (RPM) 

29193. 

MEAN  01 A  (IN) 

2.04 

S  SPEED 

3047. 

EFF  AREA  (IN2) 

5.08 

tCAD 

(FT  ) 

2696. 

U/C  (ACTUAL) 

0.533 

DIA. 

UN) 

3.44 

MAX  TIP  SPEED 

368. 

TIP  SPEED 

439. 

STAGES 

1 

VOL. 

FLOW 

1525. 

GAMMA 

1.39 

frCAD 

COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW 

COEF 

0.201 

PRESS  RATIO  CT/S) 

1.03 

HORSEPOWER 

96. 

EXIT  MACH  NUMBER 

0.12 

SPECIFIC  SPEED 

150.00 

SPECIFIC  DIAMETER 

0.54 

*  H2  TURBIK  ■ 

■  K2  PUMP  « 

STAGE  Of:  STAGE  TWO 

STAGE  THREE 

EFFICIENCY  (T/T) 

0.890 

EFFICIENCY 

0.766 

0.765 

0.764 

EFFICIENCY  (T/S) 

0.837 

HORSEPO^R 

1317. 

1323. 

1326. 

SPEED  (RPM) 

100000. 

SPEED  (RPM) 

100000. 

100000. 

100000. 

HORSEPOWER 

3966. 

SS  SPEED 

12833. 

MEAN  DIA.  (IN) 

2.81 

S  SPEED 

1435. 

1415. 

1399. 

EFF  AREA  (IN2) 

0.73 

HEAD  (FT) 

37200. 

37299. 

37355. 

U/C  (ACTUAL) 

0.550 

DIA.  (IN) 

3.63 

3.63 

3.63 

MAX  TIP  SPEED 

1373. 

TIP  SPEED 

1585. 

1585. 

1585. 

STAGES 

2 

VOL.  FLOW 

1478. 

1443. 

1412. 

GAMMA 

1.39 

HEAD  COEF 

0.476 

0.478 

0.479 

PRESS  RATIO  (T/T) 

1.76 

FLOW  COEF 

0.136 

PRESS  RATIO  (T/S) 

1.83 

DI AICTER  RATIO 

0.479 

EXIT  MACH  NUMBER 

0.22 

BEARING  DN 

3 .0QE*06 

SPECIFIC  SPEED 

75.88 

SHAFT  DIAMETER 

30.00 

SPECIFIC  DIAMETER 

1.10 

•  02  BOOST  TURBINE  ■ 

■  i 

■ 

02  BOOST  P(AO» 

as 

a 

mm 

EFFICIENCY 

(T/T) 

0.896 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.761 

HORSEPOWER 

51. 

SPEED 

(RPM) 

7816. 

SPEED  (RPM) 

7816. 

MEAN  DIA 

(IN) 

5.81 

S  SPEED 

3026. 

EFF  AREA 

(IN2) 

7.24 

D  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

OIA.  (IN) 

3.85 

MAX  TIP  SPEED 

230. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

564. 

GAMMA 

1.39 

HEAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

51. 

EXIT  MACH  NUMBER 

0.04 

SPECIFIC  SPEED 

93.13 

SPECIFIC  OIAMETER 

0.92 

•  02  r UR 8 1  ME  «  »  02  PUT**  • 


EFFICIENCY  CT/T) 

0.8  78 

EFF1CIE1CY 

0.769 

EFFICIENCY  (T/S) 

0.019 

HORSEPOfR 

866. 

SPEEO  (RPM) 

42723. 

SPEED  (RPM) 

42723. 

HORSEPOWER 

866. 

SS  SPEED 

19827. 

MEAN  Dt A  UNI 

2.81 

S  SPEED 

1976. 

EFF  AREA  ( IN2 ) 

1.02 

HEAD  (FT) 

4093. 

U/C  (ACTUAL) 

0.503 

DIA.  (IN) 

2.45 

MAX  TJP  SPEED 

601  . 

TIP  SPEED 

55)  . 

STAGES 

2 

VOL.  FION 

560. 

GAMMA 

1.39 

HEAD  COEF 

0.434 

PRESS  PATIO  (T/T) 

1 .  12 

FLOW  COEF 

0.  16) 

PRESS  RATIO  (T/S) 

1.13 

DIAMETER  RAT  10 

0.68* 

EXIT  MACH  NUMBER 

0.10 

BEARING  ON 

\  .  2ftf • 04 

SPECIFIC  SPEED 

78.94 

SHAFT  DIAMETER 

30.00 

SPECIFIC  DIAMETER 

0.98 
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TABLE  34.  -  SPLIT-EXPANDER  ENGINE  -  7500  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1247.9 

VAC 

ENGINE  THRUST 

7500. 

TOTAL  ENGINE  FLOW  RATE 

15.63 

DEL. 

VAC.  ISP 

479.9 

THROAT  AREA 

2.93 

NOZZLE  AREA  RATIO 

1000 . 0 

NOZZLE  EXIT  DIAMETER 

61 .12 

ENGINE  MIXTURE 

RATIO 

6.00 

ETA 

C« 

0.993 

CHAMBER  COOLANT  OP 

1112. 

CHAMBER  COOLANT  DT 

993. 

NOZZLE /CHAMBER 

Q 

408  7. 

EMGItC 

STATION 

CONDITIONS 

... 

•  FUEL 

SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IfCJET 

18.  4 

37.4 

2.23 

-107.5 

4.37 

B.P.  EXIT 

100.7 

38.5 

2.23 

-103.0 

4.39 

PUMP  I  WET 

100.7 

38.5 

2.23 

-103.0 

4.39 

1ST  STAGE  EXIT 

l 754 . 6 

45.4 

2.23 

10.7 

4.31 

JBV  IWET 

1721  .S 

45.9 

1.12 

10.9 

4.29 

JBV  EXIT 

1463.2 

47.8 

1.12 

10.9 

4.09 

2ND  STAGE  EXIT 

31  OS. 7 

92.3 

1.12 

119.1 

4.18 

PUMP  EXIT 

4354.6 

114.4 

1.12 

218.8 

4.14 

COOLANT  I  WET 

431 1.0 

115.7 

1.12 

216.8 

4.12 

COOLANT  EXIT 

31*8.8 

1110.0 

1.12 

3876.7 

0.50 

TBV  iwet 

5148-8 

1110.2 

0.06 

3876.7 

0.50 

TBV  EXIT 

1470. I 

1122. 3 

0.06 

3876.7 

0.24 

02  TRB  IWET 

3144.8 

1110.2 

1.06 

3876.7 

0.50 

02  TRB  EXIT 

2851  .0 

1087.4 

1.06 

3788.8 

0.46 

K2  TRB  IWET 

2851.0 

1087.4 

1.06 

3788.8 

0.46 

H2  TRB  EXIT 

1540. 2 

964.9 

1.06 

3329.9 

0.29 

H2  TRB  DIFFUSER 

1542.* 

945.0 

1.04 

3329.9 

0.29 

M2  BST  TRB  IN 

1527.5 

945.0 

1.06 

3329.9 

0.29 

K2  BST  TRB  OUT 

1508.2 

942.5 

1.06 

3320.4 

0.28 

H2  BST  TRB  DIFF 

1503.2 

942.5 

1.06 

3320.4 

0.28 

02  BST  TRB  IN 

1488.1 

942.4 

1.06 

3320.4 

0.28 

02  BST  TRB  OUT 

1478.2 

941.2 

1.06 

3315.2 

0.28 

02  BST  TRB  DIFF 

1477.5 

941.2 

1.06 

3315.2 

0.28 

H2  TAW  PRESS 

18.4 

979.5 

0.0018 

3343.3 

0.0036 

GOX  HEAT  EXCH  IN 

1470.1 

949.3 

1.12 

3343.3 

0.27 

GOX  HEAT  EXCH  OUT 

1442.8 

948.6 

1.12 

3340.5 

0.27 

MIXER  HOT  IN 

1442.8 

968.6 

1  . 12 

3340.5 

0.27 

MIXER  COLD  IN 

1443.2 

67.8 

1.12 

10.9 

4.09 

MIXER  OUT 

1389.4 

498.7 

2.23 

1674.4 

0.49 

FSOV  INLET 

1389.4 

498.7 

2.23 

1674.4 

0.49 

FSOV  EXIT 

1354.9 

498.9 

2.23 

1 6  74 . 4 

0.48 

CHAMBER  INJ 

1341.3 

498.9 

2.23 

1674.4 

0.48 

CHAMBER 

1247.9 

■  OXYGEN  SYSTEM 

1  CONDITIONS 

. 

station 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IWET 

14.0 

162.7 

13.4 

61 . 1 

71.17 

B.P.  EXIT 

135.4 

163.2 

13.4 

61.5 

71.20 

PUMP  IWET 

135.4 

US. 2 

13.4 

61  -S 

71  .20 

PUMP  EXIT 

2020.9 

173.0 

13.4 

68.4 

71  .41 

02  TAW  PRESS 

14.0 

400.0 

0.023 

204.7 

0.12 

OCV  I  WET 

2000.7 

173.1 

13.4 

68.4 

71  .  38 

OCV  EXIT 

1400.5 

175.4 

13.4 

68.4 

70.43 

CHAMBER  INJ 

1384.5 

175.4 

13.4 

68.4 

70.41 

CHAMBER 

1247.9 

■ 

VALVE  DATA  ■ 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

JBV 

258. 

0.05 

1.12 

50.00 

TBV 

1497. 

0.00 

0.06 

\P 

o 

o 

FSOV 

35. 

0.79 

2.23 

OCV 

400. 

0.10 

13.40 

■ 

INJECTOR 

Data  ■ 

INJECTOR 

DELTA  P 

AREA 

FLOW 

velocity 

FUEL 

93. 

0.51 

2.23 

1238 .05 

LOX 

139. 

0.20 

13.40 

128.16 
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TABLE  34.  —  SPLIT-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


-  TURBOMACHInERy  performance  DATA  • 


«  M2  BOOST  TURBINE  ■ 

■ 

»•  ■ 

M2 

BOOST  P(J f*> 

• 

EFFICIENCY  ( T/T  ) 

0 . 78  9 

EFFICIENCY 

0.765 

EFFICIENCY  (T/S) 

0 . 58  7 

HORSEPOCR 

14. 

SPEED  I RPM ) 

75439. 

SPEED 

(RPM) 

75439. 

MEAN  DIA  ( IN) 

1  .  16 

S  SPEED 

3046. 

EFF  AREA  CIN2) 

0.67 

►CAD 

(FT) 

2697. 

U/C  (ACTUAL) 

0.553 

DIA. 

(IN) 

1.33 

MAX  TIP  SPEED 

484  . 

TIP  SPEED 

439. 

STAGES 

I 

VOL. 

flon 

228. 

GAMMA 

1  .42 

Ft  AD 

COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOt. 

COEF 

0 . 20 1 

PRESS  RATIO  (T/S) 

1.02 

HORSEPOWER 

14. 

EXIT  MACH  NUMBER 

0.07 

SPECIFIC  SPEED 

120.28 

SPECIFIC  DIAMETER 

0.68 

■  H2  TURBINE  « 

M 

K2  PUF#>  ■ 

STAGE  OC  STAGE  TWO 

STAGE  THREE 

EFFICIENCY  (T/T) 

0.776 

EFFICIENCY 

0.621 

0.543 

0.5S7 

EFFICIENCY  (T/S) 

0.759 

HORSEPOWER 

360. 

171. 

158. 

SPEED  (RPM) 

187500 . 

SPEED  (RPM) 

187S00. 

187S00. 

187500. 

HORSEPOCR 

689. 

SS  SPEED 

9310. 

MEAN  DIA.  (IN) 

2.28 

S  SPEED 

796. 

656. 

688. 

EFF  AREA  ( IN2  ) 

0 . 09 

HEAD  (FT) 

55008. 

45817. 

43238. 

U/C  (ACTUAL) 

0.550 

DIA.  (IN) 

2.26 

2.13 

2-13 

MAX  TIP  SPEED 

I  933 . 

TIP  SPFED 

184  7. 

1743. 

1743. 

STAGES 

2 

VOL.  FLOW 

233. 

120. 

121. 

GAMMA 

1 .42 

HEAD  COEF 

0.519 

0.485 

0.458 

PRESS  RATrO  (T/T) 

1.83 

FLOW  COEF 

0.097 

PRESS  RATIO  (T/S) 

1.85 

DIAMETER  RATIO 

0.327 

EXIT  MACH  NUMBER 

0.13 

BEAR  IMG  DN 

3 

.COE *06 

SPECIFIC  SPEED 

31.97 

SHAFT  DIAMETER 

16.00 

SPECIFIC  DIAMETER 

2.34 

«  02  BOOST  TURBINE  ■ 

Ml 

Ml 

»■•< 

02 

>»•< 

BOOST  PIPC 

MM 

« 

mm 

EFFICIENCY 

(T/T) 

0.811 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.739 

HORSEPOWER 

8. 

SPEEO 

(RPM) 

20181 . 

SPEED  (RPM) 

20)8). 

MEAN  DIA 

(  IN) 

3.19 

S  SPEED 

3026. 

EFF  AREA 

(  IN2) 

0.94 

►CAD  (FT) 

242. 

'(ACTUAL) 

0.553 

DIA.  (IN) 

1  .49 

MAX  TIP  SPEED 

307. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

85. 

GAMMA 

1  .42 

►CAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1 .01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1  .0) 

HORSEPOWER 

8. 

EXIT  MACH  NUMBER 

0.03 

SPECIFIC  SPEED  61.32 

SPECIFIC  DIAMETER  1.30 


•  02  TURBINE  ■  •  02  PUMP  ■ 


EFFICIENCY 

(T/T  ) 

0. 7  78 

EFFICIENCY 

0.702 

EFFICIENCY 

(T/S) 

0.750 

HORSEPCACR 

132. 

SPEED 

(RPM) 

109465. 

SPEED  (RPM) 

109465. 

HORSEPOWER 

1 32. 

SS  SPEED 

19676. 

MEAN  DIA 

(  IN) 

2.2b 

S  SPEED 

2077. 

EFF  AREA 

(  IN2  ) 

0.13 

HEAD  (FT) 

3801  . 

U/C  (ACTUAL) 

0.519 

DIA.  (IN) 

1  .  U 

MAX  TIP  SPEED 

1130. 

TIP  SPEED 

546. 

STAGES 

1 

VOL.  FLOW 

84  . 

GAMMA 

I  .42 

MEAD  COEF 

0.410 

PRESS  RATIO 

(T/T  ) 

1.11 

flow  COEF 

0.165 

PRESS  RATIO 

(T/S) 

1  •  12 

DIAMETER  RATIO 

0.687 

rXI T  HACH  NUMBER 

0.07 

BEARING  DN 

1  .  J1E*06 

SPECIFIC  SPEED 

20.59 

SHAFT  DtAfCTER 

17.00 

SPECIFIC  DIAMETER  2-33 
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TABLE  35.  —  SPLIT-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


EMG IfC  P€ RfORMAHCE  PARA^CTERS 


CHAMBER  PRESSURE 

14*6.  3 

VAC  ENGINE  ThRUST 

15000. 

TOTAL  ENG INC  FLON  RATE 

u .  rs 

DEL.  VAC.  ISP 

480-0 

Tf«OAT  AREA 

A. 91 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAJCTER 

74.03 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C« 

0.993 

chamber  COOLANT  DP 

534. 

CHAMBER  COOLANT  DT 

1014. 

NOZZLE/CHAMBER  0 

825  7 . 

ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  • 


station 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

4.47 

>107.5 

4.37 

B.P.  EXIT 

100.3 

38.5 

4.47 

>103.0 

4.39 

PUMP  INLET 

100.3 

38.5 

4.47 

>103.0 

4.39 

1ST  STAGE  EXIT 

2103.5 

71.0 

4.47 

34.3 

4.31 

JBV  1>C£T 

2061 .5 

71.4 

2.23 

34.3 

4.28 

JBV  EXIT 

1752.3 

73.6 

2.23 

34.3 

4.07 

2ND  STAGE  EXIT 

3274.3 

90.0 

2.23 

116.1 

4.30 

PUMP  EXIT 

4408 .2 

107.9 

2.23 

194.4 

4.31 

COOLANT  1W.ET 

4364.1 

108.2 

2.23 

194.6 

4.29 

COOLANT  EXIT 

3830.6 

1122.2 

2.23 

3935.2 

0.59 

TBV  INLET 

3792.3 

1122.5 

0.11 

3935.2 

0.58 

TBV  EXIT 

1761.4 

1137.0 

0.11 

3935.2 

0.28 

02  TRB  rn.ET 

3792.3 

1122.5 

2.12 

3935.2 

0.58 

02  TRB  EXIT 

3361.7 

1096.3 

2.12 

3832.9 

0.54 

H2  TRB  IfCET 

3361.7 

1096.3 

2.12 

38  32.9 

0.54 

H2  TRB  EXIT 

1864.0 

975.8 

2.12 

3375.0 

0.34 

H2  TRB  DIFFUSER 

1846.0 

975.9 

2.12 

2375.0 

0.34 

H2  BST  TRB  IN 

1827.6 

975.9 

2.12 

3375.0 

0.34 

M2  BST  TR8  OUT 

1805 . 6 

973.4 

2.12 

.5 

0.33 

H2  BST  TRB  DIFF 

1800.6 

973.5 

2.12 

3365.5 

0.33 

02  BST  TRB  IN 

1782.6 

973.6 

2.12 

336S.5 

0.33 

02  BST  TRB  OUT 

1771.0 

972.2 

2.12 

3360.4 

0.33 

02  BST  TRB  DIFF 

1770.3 

972.2 

2.12 

3360.4 

0.33 

M2  TANK  PRESS 

18.6 

992.7 

0.0036 

3389.1 

0.0035 

GOX  HEAT  EXCH  IN 

1761.4 

980-5 

2.23 

3389.1 

0.32 

GOX  MEAT  EX CM  OUT 

1752.6 

979.8 

2.23 

3386.4 

0.32 

MIXER  MOT  IN 

1752.6 

979.8 

2.23 

3386.4 

0.32 

MIXER  COLD  IN 

1752.3 

73.6 

2.23 

34.3 

4.07 

MIXER  OUT 

1665.0 

507.2 

4.46 

1709.0 

0.58 

FSOV  INLET 

1665.0 

507.2 

4.46 

1 7 09.0 

0.58 

FSOV  EXIT 

1623.3 

507.4 

4.46 

1709.0 

0.56 

CHAMBER  INJ 

1607.1 

507.4 

4.46 

1709.0 

0.56 

CHAMBER 

1494.3 

•  OXYGEN  SYSTEM 

COtOITIONS 

. 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

26.8 

61.1 

71,17 

B.P.  EXIT 

135.6 

163.2 

26.8 

61.5 

71,20 

PUMP  INLET 

135.6 

163.2 

26.8 

61.5 

7J  .20 

PUMP  EXIT 

2420.1 

174.3 

26.8 

69.5 

71.58 

02  TANK  PRESS 

16.0 

400.0 

0.045 

204.7 

0.12 

OCV  INLET 

2395.9 

174.4 

26.8 

69.5 

71.54 

OCV  EXIT 

1677.1 

177.1 

26.8 

69.5 

70.42 

CHAMBER  INJ 

1660.3 

177.2 

26.8 

69.5 

70.39 

CHAMBER 

1494.3 

•  VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOW 

t  BYPASS 

JBV 

309. 

0 . 09 

2.23 

50.00 

TBV 

2031  . 

0.01 

0.11 

5.00 

FSOV 

42. 

1.34 

4.46 

OCV 

719. 

0  .  18 

26.79 

• 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  p 

ARfA 

Flow 

VELOCITY 

fuel 

US. 

0.85 

4.46 

1266.55 

LOX 

166. 

0 . 57 

26.79 

160.26 
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TABLE  35.  —  SPLIT-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


»  TURBOKAOI>CfiY  PERFORMANCE  DATA  ■ 


•  K2  BOOST  TURBINE  ■ 

-  H2  BOOST  PUMP  • 

EFFICIENCY  CT/T) 

0.615 

EFFICIENCY 

0.766 

EFFICIENCY  CT/S) 

0.625 

HORSEPOWER 

28. 

SPEED  (RPM) 

5 1228. 

SPEED  (RPM) 

53228. 

MEAN  D1A  (IN) 

1 .66 

S  SPEED 

3051 . 

EFF  AREA  (1N2) 

1.15 

HEAD  (FT) 

2684. 

U/C  (ACTUAL) 

0.553 

OIA.  (IN) 

1  .88 

MAX  TIP  SPEED 

475. 

TIP  SPEED 

438. 

STAGES 

1 

VOL.  FLOW 

457. 

GAMMA 

1  .44 

HEAD  COEF 

0.450 

PRESS  RATIO  ( T/T) 

1.01 

FLOW  COEF 

0.20J 

PRESS  RATIO  CT/S) 

1.02 

HORSEPOWER 

28. 

EXIT  MACH  NUMBER 

0.04 

SPECIFIC  SPEED 

116.15 

SPECIFIC  DIAMETER 

0.72 

■  H2  TURBIfC  ■ 

■  H2  PUMP 

* 

• 

STAGE  06C 

STAGE  TWO 

stage  three 

EFFICIENCY  (T/T) 

0.786 

EFFICIENCY  0.623 

0.615 

0.621 

EFFICIENCY  (T/S) 

0.770 

HORSEPOWER  868. 

255 

248. 

SPEED  CRPM) 

136365. 

SPEED  (RPM)  136363. 

136363. 

136363. 

HORSEPOWER 

1375. 

SS  SPEED  5607. 

MEAN  OIA.  (IN) 

3.04 

S  SPEED  710. 

748. 

765. 

EFF  AREA  (IN2) 

0.15 

KLAD 

(FT)  66570. 

35185. 

37954. 

U/C  ( ACTUAL J 

0.537 

DIA. 

(IN)  3.34 

2.66 

2.66 

MAX  TIP  SPEED 

1884. 

TIP  SPEED  1550. 

1582. 

1583. 

STAGES 

2 

VOL. 

FLOW  465. 

233. 

233. 

GAMMA 

I  .44 

fCAD 

COEF  0.541 

0.503 

0.488 

PRESS  RATIO  (T/T) 

1  .80 

FLOW 

COEF  0.050 

PRESS  RATIO  (T/S) 

1.83 

DIAMETER  RATIO  0.305 

EXIT  MACH  NUMBER 

0.12 

BEARING  ON  3 . 00E*  06 

SPECIFIC  SPEED 

30.55 

SHAFT  DIAMETER  22.00 

SPECIFIC  DIAMETER 

2.41 

»  0?  BOOST  TURBINE  ■ 

•  02  BOOST  PUMP  • 

EFFICIENCY  (T/T) 

0.827 

EFFICIENCY 

0.764 

EFFICIENCY  (T/S) 

0.760 

HORSEPOWER 

15. 

SPEED  (RPM) 

14271 . 

SPEED  (RPM) 

14271. 

MEAN  DIA  (IN) 

4.50 

S  SPEED 

3026. 

EFF  AREA  ( IN2 ) 

1.60 

)CA0  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.11 

MAX  TIP  SPEED 

304. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

169. 

GAMMA 

1.44 

HEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

I  .01 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

HORSEPOWER 

15. 

EXIT  MACH  NUMBER 

0.03 

SPECIFIC  SPEED 

57.45 

SPECIFIC  DIAMETER 

1.35 

■  03  TURBUC  • 

■  02  PUMP  • 

EFFICIENCY  (T/T) 

0.782 

EFFICIENCY 

0.730 

EFFICIENCY  (T/S) 

0.758 

HORSEPOWER 

307. 

SPEED  (RPM) 

82554. 

SPEED  (RPM) 

82994. 

HORSEPOWER 

307. 

SS  SPEED 

21095. 

MEAN  DU  (IN) 

3.06 

S  SPEED 

1929. 

EFF  AREA  (IN?) 

0.20 

HEAD  (FT) 

4595. 

U/C  (ACTUAL) 

0.485 

DIA.  (IN) 

I  .64 

MAX  TIP  SPEED 

1146. 

TIP  SPEED 

593. 

STAGES 

1 

VOL.  FLOW 

168. 

GAMMA 

1  .44 

HEAD  COEF 

0.420 

PRESS  RATIO  (T/T) 

I  .  13 

FLOW  COEF 

0. 159 

PRESS  RATIO  (T/S) 

1  .  13 

DIAMETER  RATIO 

0.684 

EXIT  MACH  NUMBER 

0.06 

BEARING  ON 

1 . 4  9E  *  06 

SPECIF tC  SPEED 

27.21 

SHAFT  DIAMETER 

18.00 

SPECIFIC  diameter 

2.47 
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TABLE  36.  —  SPLIT-EXPANDER  ENGINE  —  25,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAICTERS 


CHAMBER  pressure 

1559.9 

VAC  ENGINE  THRUST 

25000. 

total  ENGINE  FLOW  RATE 

52.08 

DEL.  VAC.  ISP 

<80.0 

THROAT  AREA 

7  .83 

NOZZLE  AREA  RATIO 

1000  0 

NOZZLE  EXIT  DIAMETER 

99.88 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C» 

0.993 

CHAMBER  coolant  dp 

539. 

chamber  coolant  or 

905. 

NOZZLE/CHAMBER  Q 

12485. 

ENGINE  STATION 

CONDITIONS 

»  m  » 

•  FUEL 

SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  lFt.ET 

18.6 

37.4 

7.45 

-107.5 

4.37 

B.P.  EXIT 

100.8 

38.5 

7.45 

-103.0 

4.39 

PUMP  INLET 

100.8 

38.5 

7.45 

-103.0 

4.39 

1ST  STAGE  EXIT 

2195.6 

67.8 

7.4S 

27.4 

4.4* 

JBV  INLET 

2151.7 

68.2 

3.72 

27.5 

4.41 

JBV  EXIT 

1828.9 

70.8 

3.72 

27.5 

4.19 

2ND  STAGE  EXIT 

3396.2 

84.2 

3.72 

102.2 

4.47 

PUMP  EXIT 

4S83.6 

99.8 

3.72 

175.3 

4.51 

COOLANT  INLET 

<537 . 7 

100.2 

3.72 

175.3 

4.49 

COOLANT  EXIT 

3998.5 

1004.9 

3.72 

3528.3 

0.68 

TBV  I*_ET 

3958.5 

1005.2 

0.19 

3528.3 

0.67 

TBV  EXIT 

1838.3 

1019.9 

0.19 

3528.3 

0.32 

02  TRB  INLET 

3958.5 

1005.2 

3.54 

3528.3 

0.67 

02  TRB  EXIT 

3<89. 3 

978.6 

3.54 

342J.9 

0.6? 

H2  TRB  INLET 

3<89 . 3 

978.6 

3.54 

3423.9 

0.62 

H2  TRB  EXIT 

19<9.5 

866.0 

3.54 

2993.7 

0.40 

H2  TRB  DIFFUSER 

1928.6 

866.1 

3.54 

2993.7 

0.40 

H2  BST  TRB  IN 

1909.4 

866.1 

3.54 

2993.7 

0.40 

M2  BST  TRB  OUT 

1885.0 

863.7 

3.54 

2984.  I 

0.39 

M2  BST  TRB  DIFF 

1880.0 

863  .8 

3.54 

2984.1 

0.39 

02  BST  TRB  IN 

1861.2 

863.9 

3.54 

2984.1 

0.38 

02  BST  TRB  OUT 

18<8 . 3 

862.5 

3.54 

2979.0 

0.38 

02  BST  TRB  DIFF 

18<7.5 

862.5 

3.54 

2979.0 

0.38 

M2  TAT*  PRESS 

18.6 

882.3 

0.0068 

3006.4 

0.0040 

GOX  HEAT  EXCH  IN 

1838.3 

870.4 

3.72 

3006.4 

0.38 

GOX  ►CAT  EXCH  OUT 

1829. I 

869.6 

3.72 

3003.7 

0.38 

MIXER  HOT  IN 

1829.1 

869.6 

3.72 

3003.7 

0.38 

MIXER  COLD  IN 

1828.9 

70  .8 

3.72 

27.5 

4.19 

MIXER  OUT 

1737.6 

454.0 

7.44 

1514.2 

0.67 

fsov  i»crr 

1737.6 

454.0 

7  .44 

1514.2 

0.67 

CSPV  EXIT 

1694.2 

454.1 

7.44 

1514.2 

0.65 

CHAMBER  INJ 

1659.6 

454.2 

7.44 

1514.2 

0-64 

CHAMBER 

1559.9 

•  OXYGEN  SYSTEM 

CONDITIONS 

m 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

<4.7 

61.1 

71.17 

B.P.  EXIT 

135.6 

163.2 

44.7 

61.5 

71.20 

PUMP  tU_ET 

135.6 

US. 2 

44.7 

61.5 

71.20 

PUMP  EXIT 

2526.3 

174.3 

4A.7 

69.7 

71.68 

02  TAMC  PRESS 

16.0 

400.0 

0.076 

204.7 

0.12 

OCV  IFLET 

2501.1 

174.4 

44.6 

69.7 

71 .6< 

OCV  EXIT 

1750.8 

177.2 

<4.6 

69.7 

70.47 

CHAMBER  INJ 

1715.9 

1  77.4 

44.6 

69.7 

70.41 

CHAMBER 

1559.9 

• 

VALVE  DATA  » 

VALVE 

DELTA  P 

AREA 

FLOW 

t  BYPASS 

JBV 

323. 

0.15 

3.72 

50.00 

TBV 

2120. 

0.01 

0.19 

5.00 

FSOV 

43. 

2.02 

7.44 

OCV 

750. 

0.29 

44.64 

■ 

INJECTOR  data  ■ 

INJECTOR 

delta  p 

AREA 

FLOW 

VELOCITY 

FUEL 

117. 

1  .  39 

7.44 

1206.29 

LOX 

173. 

0.64 

44 . 64 

143.26 
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TABLE  36.  -  SPLIT-EXPANDER  ENGINE  -  25,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


■  TUR80MACHJPCRY  PERFORMANCE  DATA  ■ 


»  H2  BOOST  TURBJ>C  * 

•  H2 

BOOST  PUMP  “ 

EFFICIENCY  CT/T1 

0.873 

EFFICIENCY 

0.765 

EFFICIENCY  IT/S) 

0.685 

HORSEPOkCR 

<8. 

SPEED  (RPM) 

41343. 

SPEED 

IRPM) 

41343. 

MEAN  DIA  UN) 

2.12 

S  SPEED 

3045. 

EFF  AREA  (IN2) 

1.68 

Ft  AD 

(FT) 

2700. 

U/C  (ACTUAL) 

0.553 

DIA. 

(IN) 

2-43 

MAX  TIP  SPEED 

<69. 

TIP  SPEED 

439. 

STAGES 

1 

VOL.  FLOW 

761. 

GAMMA 

I .44 

HEAD  COEF 

0.430 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.02 

HORSEPOWER 

<8. 

EXIT  MACH  NUMBER 

0.07 

SPECIFIC  SPEED 

1)4.46 

SPECIFIC  DIAICTER 

0.75 

•  HZ  TURBIPC  « 

■ 

K2  PUMP 

>« 

■ 

STAGE  ONE 

STAGE  TWO 

STAGE  THREE 

EFFICIENCY  CT/T) 

0.837 

EFFICIENCY 

8.6  72 

0.688 

0.670 

EFFICIENCY  (T/S) 

0.819 

HORSEPOWER 

1375. 

394. 

385. 

SPEED  IRPM) 

125000. 

SPEED  (RPM) 

125000. 

125000. 

125000. 

HORSEPOWER 

2153. 

SS  SPEED 

11322. 

MEAN  DIA.  UN) 

3.13 

S  SPEED 

813. 

874. 

883. 

EFF  AREA  (INS) 

0.22 

FCAO  (FT) 

68287. 

38830. 

38091 . 

U/C  I ACTUAL) 

0.5  20 

DIA.  (IN) 

3.70 

2.87 

2.87 

MAX  TIP  SPEED 

1787. 

TIP  SPEED 

2019. 

1546. 

1565. 

STAGES 

2 

VOL.  FLOW 

754. 

374. 

371. 

GAMMA 

l.« 

HEAD  COEF 

8.538 

0.510 

0.500 

PRESS  RATIO  (T/T) 

1.79 

FLOW  COEF 

8.098 

PRESS  RATIO  (T/S) 

1  .82 

DIAMETER  RATIO 

*-241 

EXIT  MACH  NUMBER 

0-13 

BEARING  DN  3 

.006*06 

SPECIFIC  SPEED 

36-39 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIAMETER 

2-0< 

■  02  BOOST  TURBHC  ■ 

■  02 

BOOST  PU • 

EFFICIENCY  (T/T) 

0.869 

EFFICIENCY 

0.764 

EFFICIENCY  (T/S) 

0.803 

HORSEPOWER 

26. 

SPEED  (RPM) 

1)055. 

SPEED  (RPM) 

11055. 

PCAN  DIA  (IN) 

5.82 

S  SPEED 

3026. 

EFF  AREA  (IN2) 

2-32 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  UNI 

2.72 

MAX  TIP  SPEED 

302. 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLO* 

282. 

GAWA 

1 .44 

PC  AD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO  (T/S) 

1.01 

HORSEPOWER 

26. 

EXIT  MACH  NUMBER 

0-03 

SPECIFIC  SPEED 

55.25 

SPECIFIC  DIAMETER 

1.48 

■  02  TURBINE  » 

■  02  PUMP  • 

EFFICIENCY  (T/T) 

0.852 

EFFICIENCY 

0.747 

EFFICIENCY  (T/S) 

0.826 

HORSEPOCR 

522. 

SPEED  (RPM) 

65070. 

SPEED  (RPM) 

65070. 

H0RSEPO6CR 

522. 

SS  SPEED 

21357. 

MEAN  OIA  (IN) 

3.13 

S  SPEED 

1888. 

EFF  AREA  ( I NT ) 

0.30 

PCAD  (FT) 

48*1  . 

U/C  (ACTUAL) 

0.550 

OIA.  (IN) 

2.12 

MAX  TIP  SPEED 

939. 

TIP  SPEED 

6*2. 

stages 

2 

VOL.  FLO* 

28*. 

GAPOtA 

1  .44 

HEAD  COEF 

0.426 

PRESS  RATIO  (T/T) 

1.13 

FLOW  COEF 

0.157 

PRESS  RATIO  (T/S) 

l  .  14 

DIAMETER  RATIO 

0.684 

EXIT  MACH  NUMBER 

0.07 

BEARING  £W  I 

.43E-06 

SPECIFIC  SPEED 

43. 98 

shaft  diameter 

22. *0 

SPECIFIC  DIAMETER 

1.80 

167 


TABLE  37.  —  SPLIT-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


chamber  pressure 

1465. 3 

VAC  ENGlfC  TMJUST 

37500. 

TOTAL  ENGINE  FLOW  RATE 

78. 13 

DEL.  VAC.  ISP 

480.0 

THROAT  AREA 

1?  .SI 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIA7CTER 

i?6.  19 

ENGINE  MIXTURE  RATIO 

b.OO 

ETA  C- 

0.993 

CHAMBER  COOLANT  DP 

484. 

CHAMBER  COOLANT  DT 

784. 

NOZZLE/CHAMBER  Q 

16332- 

ENGINE  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

enthalpy 

DENSITY 

B.P.  IM_ET 

18.4 

37.4 

11.17 

-107.5 

4.37 

B.P,  EXIT 

100.8 

38.5 

11.17 

-103.0 

4.39 

PIM>  INLET 

100.8 

38.5 

11.17 

-103.0 

4.39 

1ST  STAGE  EXIT 

2042.7 

43.4 

11.17 

12.4 

4  .50 

jbv  ih_et 

202 1.5 

43.8 

5.59 

12.4 

4.47 

J8V  EXIT 

1718.2 

44.5 

5.59 

12.4 

4.27 

2*0  STAGE  EXIT 

3172.9 

74.9 

5.59 

77.0 

4.56 

PtP*>  EXIT 

4283.4 

90.1 

5.59 

140.8 

4.61 

COOLANT  IM_ET 

4240.4 

90.5 

5.59 

140.8 

4.59 

COOLANT  EXIT 

S7S4.2 

87A.J 

5.59 

3064.3 

0.73 

TBV  IM-ET 

3718.4 

874.5 

0.28 

3044.3 

0.72 

TBV  EXIT 

1724.8 

887.4 

0.28 

3064.3 

0.35 

OZ  TR8  IN£T 

3718.4 

874.5 

5.31 

3064.3 

0.72 

OT  TRB  EXIT 

3257.5 

850.4 

5.31 

2968.4 

0.66 

K2  TRB  1MXT 

3757.5 

850. «. 

5.31 

L  568 . 4 

0.66 

K2  TRB  EXIT 

1841.2 

752.7 

5.31 

2590.3 

0.43 

►C  TRB  DIFFUSER 

1817.0 

752.9 

5.31 

2590.3 

0.43 

KT  8ST  TRB  IN 

1798.8 

752.9 

5.31 

2590.3 

0.43 

KT  BST  TRB  OUT 

1772.8 

750.4 

5.31 

2580.7 

0.42 

M2  BST  TR8  DIFF 

1747.8 

750.5 

5.31 

2580.7 

0.42 

02  BST  TRB  IN 

1750.1 

750.4 

5.31 

2580.7 

0.42 

CC  BST  TRB  OUT 

1734.2 

749.2 

5.3! 

2575.6 

0.41 

02  8ST  TRB  DIFF 

1735.4 

749.2 

5.31 

2575.6 

0.41 

M2  TA##C  PRESS 

18.4 

744.5 

0.0117 

2600.0 

0.0046 

COX  MEAT  EXCH  IN 

1724.8 

754-2 

5.57 

2600.0 

0.41 

GOX  fCAT  EXCH  OUT 

1718.1 

755.5 

5.57 

2597.2 

0.41 

MIXER  MOT  IN 

1718.1 

755.5 

5.57 

2597.2 

0.41 

MIXER  COLD  IN 

1718.2 

44.5 

5.59 

12.4 

4.27 

MIXER  OUT 

1432.2 

398.8 

11.14 

1303.5 

0.71 

FSOV  IK_£TT 

1432.2 

398.8 

21.14 

1303.5 

0.71 

FSOV  EXIT 

1591.4 

398.9 

11.14 

1303.5 

0 . 70 

CHAMBER  IHJ 

1559.0 

399.0 

11.14 

i3o:.s 

CD 

-A 

O 

CHAMBER 

1445.3 

«  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TW 

FLOW 

ENTHALPY 

DENSITY 

E.P.  IU_£T 

14.0 

142.7 

47.1 

61 . : 

71.17 

B.P.  EXIT 

135.4 

143-2 

47.1 

61.5 

71  .20 

PIMP  IH_£T 

135.4 

143.2 

47.1 

61  .5 

71.20 

PUM>  EXIT 

2373.1 

173.2 

47.2 

69.0 

71  .  70 

02  Tan  PRESS 

14.0 

400.0 

0.113 

204 . 7 

0.12 

OCV  I*_ET 

2349.3 

173.3 

47.0 

69.0 

71 . 66 

OCV  EXIT 

1444.5 

174.0 

47.0 

69.0 

70.56 

CHAMBER  IHJ 

1411.8 

174.1 

47-0 

69.0 

70.51 

CHAMBER 

1445.3 

■  VALVE  DATA  ■ 

VALVE 

delta  p 

AREA 

FLCN 

X  BYPASS 

J5V 

30S. 

f-23 

5.59 

50.00 

TBV 

1992. 

0.0? 

0.28 

o 

o 

>s> 

FSOV 

41  . 

3.02 

11.14 

OCV 

705. 

0.45 

44.97 

- 

INJECTOR 

OATa  • 

INJECTOR 

DELTA  P 

AREA 

FLOW 

VELOCI  TY 

FlEL 

110. 

2.08 

U  .14 

1  130.27 

LCX 

163. 

0.99 

4b  .97 

138.75 

IftX 


TABLE  37.  —  SPLIT-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


«  turbomacminery  PERFORMANCE  DATA  ■ 


•  H2  BOOST  TURBINE  • 

■ 

H2  BOOST  PlM> 

■ 

EFFICIENCY  (T/T) 

0  . 885 

EFFICIENCY 

0.765 

EFFICIENCY  (T/S) 

0. 70S 

HORSEPOWER 

72. 

SPEED  (RPM) 

33752 . 

SPEED  (RPM) 

33752. 

MEAN  01 A  (IN) 

2.60 

S  SPEED 

3046. 

EFF  AREA  (IN2) 

2.  J6 

HEAD 

(FT) 

2700. 

U/C  (ACTUAL) 

0.552 

DIA. 

(  IN) 

2.98 

MAX  TIP  SPEED 

665. 

TIP  SPEED 

A39. 

STAGES 

1 

VOL. 

FLOW 

11A2. 

GAMMA 

I  .39 

HEAD 

COEF 

0.A50 

PRESS  RATIO  CT/T) 

I  .01 

FLOW 

COEF 

0.201 

PRESS  RATIO  (T/S) 

I  .02 

HORSEPOWER 

72. 

exit  mach  number 

0.07 

SPECIFIC  SPEED 

112.  18 

SPECIFIC  DIAMETER 

0.77 

•  H2  TURBINE  • 

•  K2  PUMP  ■ 

STAGE  ONE  STAGE  TWO 

STAGE  THREE 

EFFICIENCY  (T/T) 

0.856 

EFFICIENCY 

0. 70A 

0.702 

0.702 

EFFICIENCY  (T/S) 

0.832 

HORSEPOWER 

182A. 

Sl». 

505. 

SPEED  (RPM) 

1 0  7 1 A  3  . 

SPEED  (RPM) 

1071A3. 

107143. 

107163. 

HORSEPOWER 

2839. 

SS  SPEED 

I 1888 . 

MEAN  DIA.  (IN) 

3.6) 

S  SPEED 

897. 

976. 

979. 

EFF  AREA  (IN2) 

0.36 

HEAD  (FT) 

63208. 

25282. 

3A88  7. 

U/C'  (ACTUAL) 

0.5  68 

DIA.  (IN) 

A. 17 

3.19 

2.19 

MAX  TIP  SPEED 

1771  . 

TIP  SPEED 

1950. 

1*91. 

1A91  . 

STAGES 

2 

VCX  .  FLOW 

1  I  1 A  . 

550. 

5AA. 

GAMMA 

1-39 

HEAD  COEF 

0.535 

0-511 

0.505 

PRESS  RATIO  (T/T) 

1.77 

FLOW  COEF 

0. 10A 

PRESS  RA T/O  (T/S  I 

1.80 

DIAMETER  RA7JO 

0.36A 

EXIT  MA<_H  NUMBER 

O.IS 

BEARING  D*« 

3 . 00E*06 

SPECIFIC  SPEED 

61.16 

SHAFT  DIAMETER 

28.00 

SPECIFIC  DIAMETER 

1.92 

•  02  BOOST  TURBINE  » 

■  i 

• 

ii 

02  BOOST  PUN3 

■  ■ 

« 

•  m 

EFFICIENCY 

(T/T) 

0 .8 '6 

EFFICIENCY 

0.766 

EFFICIENCY 

( T/S  1 

0.812 

HORSEPQMlR 

39. 

SPEED 

(RPM) 

9026. 

SPEED  (RPM) 

9026. 

MEAN  DIA 

C  IN) 

7.12 

S  SPEED 

3026. 

<1K2I 

3.2A 

HEAD  (FT) 

2A2. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.3A 

MAX  TIP  SPEED 

301  . 

TIP  SPEED 

132, 

STAGES 

1 

VOL.  FLOW 

A23. 

GAMMA 

I  .39 

HEAD  COEF 

0.A50 

PRESS  RATIO 

(T/T  ) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

39. 

EXIT  MACH  NUMBER 

0.03 

ST LC IF 1C  SPEED 

53.61 

SPECIFIC  DIAMETER 

1  .53 

•  02  TURBlFt  ■  ■  02  PUMP  • 


EFFICIENCY 

(  T/T  ) 

0.85  7 

EFFICIENCY 

0.760 

EFFICIENCY 

(T/S) 

0.833 

H0RSEPC6CR 

721  . 

SPEED 

(RPM) 

51639. 

•'PEED  (RPM) 

51639. 

HORSEPOWER 

721  . 

SS  SPEED 

20673. 

MEAN  DIA 

t  IN) 

3.61 

S  SPEED 

1921  . 

EFF  AREA 

(  1N2  ) 

0.64 

HEAD  (FT) 

64  92. 

U/C  (ACTUAL) 

0.522 

DIA.  (IN) 

2.58 

MAX  TIP  SPEED 

858. 

T  IP  SPEED 

579. 

STAGES 

2 

VOL.  FLOW 

620. 

GAMMA 

)  .39 

HEAD  COEF 

0.631 

PRESS  RATIO 

(T/T  ) 

1  .K 

FLOW  COEF 

0.159 

press  Ratio 

(T/S) 

1  .  15 

DIAMETER  RATIO 

0.685 

EXIT  MACH  NUMBER 

0.07 

BEARING  DN 

1 .64E*06 

SPECIFIC  SPEED 

64 . 05 

shaft  diameter 

28.00 

SPECIFIC  DIAMETER  1.72 


\M 


TABLE  38.  - 


SPLIT-EXPANDER  ENGINE  —  50,000  LBK  THRUST  (TOPPER 
GROOVED  CHAMBER) 


fM'.lNf  PfRfORMANCf  PfiHAM)  H  r: 


CMAMBf  ft  PRI  SSURf 


VAC 

INC,  INI  THRUST 

SO 0 0 0  . 

TOTAL  INC.  INF  FLOW  RaT{ 

104.18 

[X  l 

VAC.  ISP 

480 . 0 

’  *WOAT  AREA 

17.3b 

NO.’ 

t  ARC  A  RAT  10 

1000 . 0 

ND7 

ri.C  t  XI  T  DlAMf  TI  R 

148.69 

ENGINE  MIXTURE 

RATH) 

b  .  00 

1  TA 

C- 

0 . 993 

CHAMBER  COOLANT 

DP 

4-8  . 

CMAMBf  P  COOT  ANT 

DT 

7  16. 

NO.’, 

ft  (  /CKAKBf  R 

Q 

1 99S7. 

f  NC.INF 

STATION 

CONU IT  IONS 

•  FUE1  S 

YS  Tf  M  COND I  T  l  ONS  ■ 

stat ION 

PRC  SS 

tfmp 

CLOW 

1  NT  MAI  PY 

Di  NSITY 

B.P.  IM..E  T 

10  .  6 

37.4 

14.90 

1  07  .S 

4.37 

B.P  .  EXIT 

101.0 

38  .  S 

14 . 90 

103.0 

4 . 39 

PUMP  IFAET 

101.0 

sa.s 

14 . 90 

103.0 

4 . 39 

1ST  STAGE  EXIT 

1  980 . 1 

60 . 7 

14 . 9P 

3.1 

4.SA 

JBV  INLET 

1940. S 

*1  .  1 

7 ,4S 

3.0 

4.S7 

JBV  EXIT 

U49  .  4 

63  .  7 

7  AS 

3-0 

4.37 

?no  stage  exi: 

5033.6 

7r.s 

7.  AS 

61.7 

4.61 

PUMP  EXIT 

4094.4 

84.2 

7.  AS 

119.9 

4.67 

COIX  ANT  IFCE  T 

40S3.4 

84.6 

7  .AS 

119.9 

4  6S 

COCXANT  EXIT 

360S.8 

800.  S 

7.4S 

7/98  8 

0  7/ 

TBV  INLET 

3S69. 1 

800.7 

0-37 

r  79«  .8 

0. 7 4 

TRV  EXIT 

USB  A 

b  i  r .  b 

0  37 

2  7  98.8 

0.37 

or  TRB  mCT 

3Se.*».  ? 

800.7 

i  .  08 

2  7  9«  8 

0.74 

Or  TRB  EXIT 

3110. A 

7  78 . 1 

7.08 

r  7  08  0 

0  69 

K?  TRB  IH  £  T 

31  10. A 

7  78. 1 

7 . 08 

: 708.0 

0  b9 

nr  trb  cxi t 

1 7 ;s .  i 

688 . 5 

7 . 08 

.-56  1  .8 

0  Ab 

Hr  trb  DIFFUSER 

1  TAB  .  7 

688 .4 

7 . 08 

.-36  1  .8 

0 .4S 

Hr  BST  TRB  IN 

I 731  .r 

688.4 

7 . 08 

.-361  .8 

O.AS 

HT  BST  TRB  OUT 

170A.0 

68S  .  9 

7 . 08 

rssr.? 

0.44 

Hr  BST  TRB  DIFC 

16*9.0 

68b.  0 

7 . 08 

r  i  s  rr 

0.44 

or  b:.t  trb  in 

ibBr  .o 

68b  .  1 

7 . 08 

75S2 .7 

0.44 

or  BST  TRB  OUT 

16*7  .6 

684  .  / 

7 . 08 

r34  7 . 1 

0.44 

or  BST  TR8  DICE 

>  666 . 7 

684. 7 

7 . 08 

r’4  i 

0.43 

or  taf*  press 

18 . 6 

700.4 

0.0171 

.-369.7 

0  OOSO 

COX  HI  AT  EXCH  IN 

USB  .A 

691.2 

7.43 

.-369.7 

"43 

UUX  Hf.  AT  EXCH  OUT 

USO.  1 

690.4 

7.43 

r 3b6 .9 

0.43 

Ml  XI  R  HOT  IN 

USO.  1 

690 .4 

7.43 

7366 .9 

0  43 

MI  XI  R  COLO  IN 

U49.4 

63.7 

7 . 4S 

3  0 

A  .  32 

Mixre  oui 

ISb/ .« 

3b8 . 3 

14.88 

1  183 .4 

0. 74 

f  V1V  I  n  F  T 

1  Sb  7 . b 

3b8 . 3 

14.88 

1  lh3 .6 

0  74 

I  SOV  f  XI T 

isrs  a 

3b8 . 3 

14 .88 

1  183 .6 

o . ;? 

(  MAH  HI  R  IKJ 

ia9/  . r 

3b8  .  A 

14.88 

1  1H3  4 

0  7) 

(  MAM  HI  R 

140b . b 

•  OXVCrfN  SYS  T  |  M 

CONDI  1  IONS 

• 

STATION 

PR*  SS 

TI  HP 

f  1  ON 

I  NIMAi  PY 

0»  NSITY 

BP.  IHII 

16.0 

ur .  7 

89.4 

6  1.1 

7  1  1  7 

B  P .  I  XI T 

1  IS. 6 

i  b  3 .  r 

09  .  - 

61  .S 

71.70 

pump  in  1  T 

1  IS  .  6 

u  3 .  r 

09  . 

61  S 

71.70 

Pl*P  EXIT 

:r /a  i 

wr  .6 

H  9  .  A 

bH  « 

71.71 

or  TA8T  PRJ  ss 

16.0 

400  .  O 

0  IS  1 

roA .  7 

0.17 

tx  v  mn 

rrss . 3 

wr .  7 

R9  s 

68  6 

71  b7 

<»  V  f  X 1 T 

IS  78  7 

ws .  J 

H"  .  3 

68  6 

7  0  47 

(  HAMfff  R  IN  I 

1S47  3 

WV  4 

H9  .  3 

68  6 

70  S7 

I  MAMHF  R 

1  4  0  b  b 

■  VAJ  Vf  DATA  • 

VAT  VI 

r*  map 

AVI  A 

fi  nw 

X  0VMASS 

Hv 

.'9  | 

0  31 

7  .  as 

SQ  00 

TBV 

1  9  I  1  . 

c  or 

0.37 

S  00 

F  Si  IV 

*•  0  I 

1A  HH 

IX  V 

*/; 

8  9  2  9 

•  IN 

*  I.IR  DATA  • 

: n  tf  '  hv 

I*  U  1’ 

A-  1  A 

♦  1  ITM 

V  1  1 1  I  I  v 

*  •  , 

SSr. 

1  *.  HH 

1  'T  9  .  |4 

i 'm 

1  *  h 

8  9  r » 

1  ”,  H  9 

TABLE  38.  -  SPLIT-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


■  TURBOMACHINERY  PERFORMANCE  DATA  ■ 


■  H2  BOOST  TURBINE  ■  •  H2  BOOST  PUMP  * 


EFFICIENCY  (T/T) 

0.894 

EFFICIENCY 

0.765 

EFFICIENCY  (T/S) 

C.  716 

HORSEPOWER 

96. 

SPEED  ( RPM ) 

29253. 

SPEED  (RPM) 

29253. 

MEAN  DIA  UN) 

3.00 

S  SPEED 

3044. 

EFF  AREA  ( I NT ) 

2.98 

►CAD  (FT) 

2705. 

U/C  (ACTUAL  ) 

0.553 

DIa.  (IN) 

3.44 

MAX  TIP  SPEED 

464. 

TIP  SPEED 

440. 

STAGES 

1 

VOL.  FLOW 

1523. 

GAMMA 

1.39 

►CAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.02 

FLOW  COEF 

0.201 

PRESS  RATIO  IT/S) 

1.02 

HORSEPOWER 

96. 

EXIT  MACH  NUMBER 

0.07 

SPECIFIC  SPEED 

110. B0 

SPECIFIC  DIAMETER 

0.78 

-  H2  TURBINE  ■ 

s  12  P’Jff* 

s 

STAGE  06C 

STAGE  TWO 

stage  three 

EFFICIENCY  CT/TI 

0.871 

EFFICIENCY 

0.729 

0.727 

0.726 

EFFICIENCY  (T/S) 

0.843 

►ORSEP06CR 

2235. 

618. 

614. 

SPEED  (RPM) 

100000. 

SPEED  (RPM) 

100000. 

100000. 

100000. 

HORSEPOWER 

3466. 

SS  SPEED 

12796. 

#C AN  DIA.  UN) 

3.71 

S  SPEED 

999. 

1097. 

1095. 

EFF  AREA  ( IN2 ) 

0.45 

►CAD  (FT) 

60136. 

33143. 

52919. 

U/C  (ACTUAL) 

0 .550 

DIA.  (IN) 

4.39 

3.33 

3.33 

MAX  TIP  SPEED 

1715. 

TIP  SPEED 

1917. 

1455. 

1455. 

stages 

2 

VOL.  FLOW 

1472. 

>26. 

716. 

GAMMA 

1.39 

►CAD  COEF 

0.527 

0.504 

0.501 

PRESS  RATIO  (T/T) 

1.75 

FLOW  COEF 

0.1)0 

PRESS  RATIO  (T/S) 

1.79 

DIAMETER  RATIO 

0.395 

EXIT  MACH  NUMBER 

0.16 

BEARING  ON 

3  - 00E  *06 

SPECIFIC  SPEED 

46.46 

SHAFT  DIAMETER 

30.00 

SPECIFIC  DIAMETER 

1.73 

•  02  BOOST  TURBINE  ■ 

•  a 

• 

02  BOOST  PUMP  • 

EFFICIENCY  (T/T) 

0.882 

EFFICIENCY 

0.764 

EFFICIENCY  (T/S) 

0.819 

HORSEPOWER 

51  . 

SPEED  (RPM) 

7816. 

SPEEO  (RPM) 

7816. 

MEAN  DIA  (  IN) 

8.22 

S  SPEED 

3026. 

're.  AREA  (IN2) 

4.12 

►CAD 

(FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA. 

(IN) 

3.85 

MAX  TIP  SPEED 

300  . 

TIP  SPEED 

132. 

STAGES 

1 

VOL  . 

FLOW 

564. 

GAMMA 

1.3  9 

HEAD 

COEF 

0.450 

PRESS  RATIO  (T/T ) 

1.01 

FLOW 

COEF 

0.200 

PRESS  RATIO  (T/S) 

l  .01 

HORSE  POfcCR 

51  . 

EXIT  MACH  NUMBER 

0.03 

SPECIFIC  SPEED 

52.65 

SPECIFIC  DIAMETER 

1  .Sb 

■  or  TUR8MC  •  ■  GT  PlR*»  ■ 


fF  F  IT  If  NCV 

f  T/T) 

0.853 

(FFIC1ENCY 

0. 769 

IFF  I C If  NCY 

(T/S) 

o.er? 

HORST  POCK 

910. 

SPEf  D 

(RPM  ) 

43615. 

SPEED  (RPM) 

<3415. 

WPS#  POWE  R 

910  . 

SS  SPEED 

ror4i . 

MF  AN  DIA 

(  IN  ) 

3.71 

S  SPU  D 

194J  . 

EFF  AREA 

( i  Nr  i 

0.58 

►€AD  (FT) 

<300. 

U/C  (ACTUAL  ) 

0.468 

DIA.  UN) 

2.97 

MAX  TIP  SPfFD 

756. 

TIP  SPffO 

565  . 

S  T  AU  S 

r 

VU  F  l  OW 

540  . 

GAMMA 

I  .39 

HI  AD  COIF 

0 .  <  34 

PRESS  RATIO 

1  T  /T  ) 

1  15 

f  i  r**  c  «f 

o.uo 

puf SS  RATIO 

I  T/S  ) 

1  15 

D  I  AM  TER  RAT  |Q 

0  68b 

EXIT  MAI  M  R 

0  07 

W  Aft  I  NT.  [IN 

1  .  5  If  *0* 

Slf  «■  IF  IC  spm  n 

*.3.45 

SNA#  T  0IA#«  Tf  R 

30.00 

SPE  !  I*  1C  DlAMf  Tf  ft  l  .s/ 
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TABLE  39, 


.  —  DUAL-EXPANDER  ENGINE  —  7500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE  1300.5 

VAC  ENG  1 FC  THtUST  7500  . 

TOTAL  ENGlrf  FLOW  RATE  15.63 

DEL.  VAC.  ISP  470.1 

THROAT  AREA  2 .8 2 

NOZZLE  AREA  RATIO  1000.0 

NOZZLE  EXIT  DIAMETER  59.88 

ENGINE  MIXTURE  RATIO  6.00 

ETA  Cm  0 . 993 

CHAMBER  COOLANT  OP  407. 

CHAMBER  COOLANT  DT  439 . 

NOZZLE  COOLANT  OP  184. 

NOZZLE  COOLANT  DT  524. 

CHAMBER  0  (HYDROGEN  COOLED)  3787. 

NOZZLE  Q  (OXYGEN  COOLED)  2435. 


ENGIKC  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEH? 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.4 

37.4 

2.24 

*107.5 

4.37 

B.P.  EXIT 

101. 1 

38.5 

2.24 

*103.0 

4.39 

PUMP  iU_ET 

101.1 

38.5 

2.24 

-103.0 

4.39 

1ST  STAGE  EXIT 

1732.7 

45.0 

2.24 

8.4 

4.32 

PUMP  EXIT 

2311.8 

89.8 

2.24 

116.4 

4.31 

COOLANT  INLET 

3278.7 

90.0 

2.24 

116.4 

4.30 

COOLANT  EXIT 

2871.4 

529.5 

2.24 

1809.9 

0.91 

TBV  IU.ET 

2842.9 

529.4 

0.11 

1809.9 

0.90 

TBV  EXIT 

1448. < 

535.9 

0.1  1 

1809.9 

0.48 

M2  TR8  INLET 

28<2.9 

529.4 

2.12 

1809.9 

0.90 

M2  TRB  EXIT 

1532 .4 

472.1 

2.12 

1579.0 

0.57 

K2  TRB  DIFFUSER 

1499.4 

472.2 

2.12 

1579.0 

0.56 

M2  BST  TRB  IN 

1404.4 

472.2 

2.12 

1579.0 

0.56 

H2  BST  TRB  OUT 

1443.1 

471.0 

2.12 

1574.2 

0.55 

M2  BST  TRB  DIFF 

1448.4 

471.1 

2.12 

1574.2 

0.54 

H2  TANK  PRESS 

18.4 

479.0 

0.0037 

1586.0 

0.0073 

FSOV  INLET 

1448.4 

474.2 

2.2  X 

1586.0 

0.54 

FSOV  EXIT 

1412.2 

474.4 

2.23 

1586.0 

0.53 

CHAMBER  INJ 

1383.4 

474.5 

2.23 

1586.0 

0.52 

CHAMBER 

1300.3 

•  OXYGEN  SYSTEM 

conditions 

• 

STATION 

PRESS 

TEH> 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IH.ET 

14.0 

142.7 

13.4 

61 . 1 

71.17 

B.P.  EXIT 

135. 4 

143.2 

13.4 

61.5 

71  .20 

PUK»  IH.ET 

135.4 

143.2 

13.4 

61  -5 

71.20 

PUMP  EXIT 

4749.4 

187.8 

13.4 

78.  7 

71.57 

COOLANT  INLET 

4702.1 

188.0 

13.4 

78.7 

71  .50 

COOLANT  EXIT 

4518.5 

711.9 

13.4 

260 .2 

17.46 

otbv  inlet 

4516.5 

711.9 

0 . 4 

260.2 

17.66 

OTBV  EXIT 

2194.9 

490.5 

0.4 

260.2 

9  .  39 

02  TRB  INLET 

4518.5 

711.9 

1  1  .5 

260.2 

17.46 

02  TRB  EXIT 

2397.7 

415.4 

1  1  .5 

240.1 

11.77 

02  TRB  DIFFUSER 

2194.9 

412.3 

1  1  .5 

240.  1 

10.87 

02  BST  TRB  IN 

4518.5 

711.9 

1  .  3 

260 .2 

17.66 

02  BST  TRB  OUT 

4485.7 

497.0 

1  .  3 

256 . 1 

18 .01 

02  BST  TRB  DIFF 

4484 . 3 

497.0 

1  .  3 

256 . 1 

18  OQ 

OB  TV  INLET 

4484.3 

497.0 

1  .  3 

256  1 

18 . 00 

OB TV  EXIT 

2194.9 

4  74.5 

1  .  3 

256 . 1 

9 . 64 

MIXER 

2194.9 

422.0 

13.4 

242 . 4 

10.66 

02  TANK  PRESS 

14.0 

572.9 

0.014 

242 . 6 

0 . 08 

OCV  INLET 

2085.2 

420.2 

I  5.4 

242 . 6 

10.18 

OCV  EXIT 

1459.4 

408. 7 

13.4 

242.6 

7  .  29 

CHAMBER  INJ 

1430.4 

408.  1 

13.4 

242-4 

7.1* 

CHAMBER 

1300.3 

•  vai  vE  Data  • 

VALVE 

DELTA  P 

ARE  A 

FLOW 

X  BvPASS 

OTBV 

2324. 

0.01 

o 

<r 

o 

5  00 

TBV 

1  3  94  . 

0.01 

0.11 

5 . 00 

FSOV 

3fc 

0  .  74 

2.21 

OB  TV 

228  9 

0.01 

1  .  34 

OCV 

47  4  . 

0.25 

13  3« 

• 

|N  M  r  K»  DATA  • 

INJECTOR 

Df  l  TA  P 

AFf  A 

r  l  (»• 

V!  If  K.  I  T  V 

FUEL 

** 

0  St 

2 .  ? : 

12W  « 2 

L  OX 

l 

0  66 

13.39 

4  10  ‘.9 
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TABLE  39.  —  DUAL-EXPANDER  ENGINE  -  7500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


•  TURBOMACHINERY  PERFORMANCE  DATA  • 


•  H?  BOOST  TURBINE  ■ 

■  KT  BOOST  PUMP 

” 

EFFICIENCY  (T/T) 

0.708 

EFF IC I EMCY 

0.765 

EFFICIENCY  IT/S) 

0.368 

HORSEPOCR 

14. 

SPEED  (RPM) 

75548. 

SPEED  (RPM) 

75548 . 

MEAN  DIA  (  IN) 

0.82 

S  SPEED 

3045. 

EFF  AREA  UN2  ) 

0.90 

HEAD  (FT) 

2708. 

U/C  (ACTUAL  ) 

0.555 

DIA.  (IN) 

1.33 

MAX  TIP  SPEED 

392. 

TIP  SPEED 

440. 

STAGES 

1 

VOL.  F^flM 

229. 

GAMMA 

1.  40 

HEAD  COEF 

0.450 

PRESS  RATIO  CT/T) 

1.01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1.03 

MORSCPO^R 

14. 

EXIT  MACH  NUMBER 

0.12 

SPECIFIC  SPEED 

143.69 

SPECIFIC  DIAMETER 

0 .52 

■  M2  TURBINE  ■ 

«  M2  PUP#*  • 

STAGE  ONE  STAGE  TWO 


EFFICIENCY 

(T/T) 

0.781 

EFFICIENCY 

0.623 

0.628 

EFFICIENCY 

CT/S) 

0.749 

MORSE  PO*CR 

353. 

341  . 

SPEED 

(RPM) 

187500. 

SPEED  (RPM) 

187500. 

187500. 

HORSEPOWER 

694. 

SS  SPEED 

9288. 

MEAN  DIA. 

(IN) 

2.22 

S  SPEED 

805. 

822. 

EFF  AREA 

(IN2) 

0.12 

HEAD  (FT) 

54135. 

52690. 

U/C  (ACTUAL) 

0.535 

DIA.  (IN) 

2.24 

2.24 

MAX  TIP  SPEED 

1090 . 

TIP  SPEED 

1834. 

1834. 

STAGES 

1 

VOL.  FLOW 

232. 

233. 

GAMMA 

1  .40 

MEAD  COEF 

0.518 

0.504 

PRESS  RATIO 

(T/T  J 

1.86 

FLOW  COEF 

0.097 

PRESS  RATIO 

(T/S) 

1.91 

DIAMETER  RATIO 

0.329 

EXIT  MACH  NUMBER 

0.18 

BEARING  ON 

5.«0E*06 

SPECIFIC  SPEED 

32.34 

SHAFT  DI AMETER 

16.00 

SPECIFIC  DIAMETER 

2.28 

•  02  BOOST  TURBINE  ■ 

•  < 

• 

<r  BOOST  PU»#»  ■ 

EFFICIENCY 

CT/T) 

0.797 

EFFICIOCY 

0.  764 

EFFICIENCY 

(T/S) 

0.75? 

HORSEP3CR 

8. 

SPEED 

(RPM) 

20187. 

SPEED  (RPM) 

20187. 

MEAN  DIA 

(  IN) 

2.83 

S  SPEED 

3026. 

EFF  AREA 

(  JN2) 

0.08 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

1.49 

MAX  TIP  SPEED 

263. 

TIP  SPEED 

132. 

STAGES 

I 

VOL.  R-3« 

85. 

GAMMA 

1.63 

MEAD  COEF 

0.450 

PRESS  RATIO 

(T/T  ) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSE  P06CR 

0. 

EXIT  MACH  NIM8ER 

0.02 

SPECIFIC  SPEED 

41.09 

SPECIFIC  DIAMETER 

1  .88 

■  02  TtRBKC  ■  *02  PIA*>  • 


EFFICIENCY 

(T/T  ) 

0  .811 

EFFICIENCY 

0.693 

EFFICIENCY 

CT/S) 

0.697 

NORSETOCR 

326. 

SPEED 

(RPM) 

154919. 

SPEED  (RPM) 

154919. 

HORSEPOWER 

326. 

SS  SPEED 

278X8. 

MEAN  DIA 

(  IN) 

0.02 

S  SPEED 

1502. 

CFF  AREA 

(  IN2) 

0.12 

HEAD  (FT) 

9282  . 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

1  .22 

MAX  TIP  SPEED 

640. 

TIP  SPEED 

826. 

STAGES 

I 

VOL  .  F, „  ON 

84. 

GAMMA 

1  .63 

MEAD  COEF 

0  4X8 

PRESS  RATIO 

(  T/T  ) 

l  .  88 

(LON  C2EF 

C.  1  19 

PRESS  RATIO 

(T/S) 

2.12 

0IA#CTE*  RATIO 

0.669 

EXIT  MACH  MtMBER 

0.34 

WAR  5*4.  CX 

i  .ssr *06 

SPECIFIC  SPftO 

85.40 

SHAf  T  2 1  */#.  T(R 

10.00 

SPECIFIC  DIAMETER 

0 .95 
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TABLE  40.  —  DUAL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGI^tf  PERFORMANCE  PARAMETERS 


CHAMBER  PRESS! VC 

lUO.i 

VAC  ENGINE  Tf«UST 

ISOOO. 

total  engine  FLOW  RATE 

51.24 

DEL.  VAC.  ISP 

479.9 

TUfrQAT  AREA 

4. Cl 

MOTTLE  AREA  RATIO 

1000  0 

MOTTLE  EXIT  DIAMETER 

*0.3  7 

ENG!»€  MIXTURE  RATIO 

4.00 

ETA  C« 

0.  **3 

CHAMBER  COOLANT  DP 

34B . 

CHAMBER  COOLANT  DT 

554. 

MOTTLE  COOLANT  DP 

203. 

MOTTLE  COOLANT  DT 

404. 

CHAMBER  Q  I HYDROGEN  COOLED) 

4JS0. 

MOTTLE  Q  (OXYGEN  COOLED) 

5*84. 

ENGItC  STATION  CONDITION 


•  FUEL 

SYSTEM  CONDITIONS  ■ 

STATION 

PRESS 

TQ*» 

FLOW 

enthalpy 

DENSITY 

B.P.  !M_ET 

18.4 

37.4 

4.47 

-107.5 

4.37 

B.P.  EXIT 

100.  8 

38.5 

4.47 

-103.0 

4.39 

PUW  IM.CT 

100.8 

38.5 

4.47 

-103.0 

4.39 

1ST  STAGE  EXIT 

1574.1 

55.4 

4.47 

-24.5 

4.45 

PUMP  EXIT 

2444.2 

71.6 

4.47 

49.2 

4.50 

COOLANT  INLET 

2419.7 

71.9 

4.47 

49.2 

4.49 

COOLANT  EXIT 

2252.2 

428.0 

4.47 

1423.4 

0.89 

TBV  IM_£T 

2229.7 

428.1 

0.22 

1423.4 

0.88 

TBV  EXIT 

1270.4 

431.0 

0.22 

1423.4 

0.52 

K2  TRB  IM_ET 

2229.7 

428. 1 

4.25 

1423.4 

0.88 

H2  TRB  EXIT 

1353.4 

389.1 

4.25 

1243.4 

0.41 

H2  TRB  DIFFUSER 

151*.* 

389.2 

4.25 

1243.4 

0.40 

H2  BST  TRB  IN 

1306.7 

389.2 

4.25 

1243.4 

0.40 

H2  BST  TRB  OUT 

1284.* 

388.1 

4.25 

1258.4 

0.59 

K2  BST  TR8  DIFF 

1270.6 

388.1 

4.25 

1258.4 

0.S8 

M2  TAMC  PRESS 

18.6 

392.3 

0.0092 

1244.9 

0.0089 

FSOV  INLET 

1270.6 

3*0.2 

4.47 

1244.9 

0.58 

FSOV  EXIT 

125B.8 

3*0.3 

4.47 

1244.9 

0.54 

CHAMBER  INJ 

1215.6 

3*0-3 

4.47 

1244.9 

0.55 

CHAMBER 

1140. 4 

•  oxygen  system 

CONDITIONS 

• 

STATION 

PRESS 

TOP 

FLON 

ENTHALPY 

DENSITY 

B.P.  IMJET 

16.0 

162.7 

24.8 

41.1 

71.17 

B.P.  EXIT 

155.6 

163.2 

24.8 

41.5 

71  .20 

PUW»  I«T 

135.6 

163.2 

26  .• 

41.5 

71 .20 

PIR#>  EXIT 

4482.5 

185.7 

26.8 

77.7 

71  .02 

COOLANT  1M.ET 

4435.7 

185.* 

26.8 

77.7 

71.75 

COOLANT  EXIT 

4433.1 

5*0.2 

24.8 

224.3 

21.91 

OTBV  INLET 

4433.1 

5*0.2 

1.2 

224.3 

21.11 

OTBV  exit 

1*25.5 

554.6 

1.2 

224.3 

10.85 

02  TRB  IK.ET 

4433.1 

5*0.2 

22.9 

224.5 

21.11 

02  TRB  EXIT 

2131.5 

491  .8 

22.9 

207.3 

14.35 

02  TRB  DIFFUSER 

1925.5 

486.6 

22.9 

207.3 

13.12 

02  BST  TRB  IN 

4433.1 

5*0.2 

2.7 

224.3 

21.91 

02  BST  TRB  OUT 

4394.8 

576.2 

2.7 

222-2 

22.45 

02  BST  TRB  DIFF 

4393.2 

574.2 

2.7 

222.2 

22.44 

OB TV  INLET 

4393,2 

574.2 

2.7 

222.2 

22.44 

OB TV  EXIT 

1925.5 

539.7 

2.7 

222.2 

11.24 

MIXER 

1925.5 

494.9 

24.8 

209.4 

12.74 

02  TA*«  PRESS 

14.0 

422.3 

0.043 

209.4 

0.11 

OCV  I»C£T 

1829. 3 

492.3 

24.8 

209.4 

12.11 

OCV  EXIT 

1280 .5 

474.2 

26.8 

209.4 

8.77 

CHAMBER  INJ 

1255.0 

475.3 

24.8 

209.4 

8.40 

CHAMBER 

1140.4 

• 

VALVE  DATA  * 

VALVE 

delta  p 

AREA 

FLCN 

t  BYPASS 

OTBV 

25  08. 

0.01 

1.21 

5.00 

TBV 

*5*. 

0.01 

0.22 

5.00 

FSOV 

32. 

1  .54 

4.47 

OBTV 

2  4  48  . 

0.02 

2.68 

OCV 

54*. 

0.49 

26.7* 

• 

INJECTOR  OATA  • 

INJECTOR 

DELTA  P 

AREA 

FLON 

VELOCITY 

FUEL 

86. 

1.06 

4.67 

1100.17 

LOX 

127. 

1.28 

26.79 

ISO  17 
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TABLE  40.  —  DUAL-EXPANDER  ENGINE  —  15,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


•  TURBOMACHINERY  PERFORMANCE  DATA  ■ 


■  H2  BOOST  TURBINE  • 

• 

M2 

BOOST  PUMP 

■  a 

■ 

EFFICIENCY  (T/T) 

0.  743 

EFFICIENCY 

0 

.765 

EFFICIENCY  (T/S) 

0.3  94 

HORSEPOWER 

29. 

SPEED  CRPM) 

53348. 

SPEED 

(RPM) 

53348. 

►CAN  DIA  (IN) 

I  .16 

S  SPEED 

3045. 

EFF  AREA  MW2> 

1.73 

►CAD 

(FT) 

2702. 

U/C  (ACTUAL) 

0.553 

DIA. 

(  IN) 

1.89 

MAX  TIP  SPEED 

389 . 

TIP  SPEED 

439. 

STAGES 

2 

VOL. 

FLOW 

458. 

GAMMA 

1  .  38 

►CAD 

COEF 

0 

.450 

PRESS  RATIO  (T/T) 

1.02 

FLOW 

COEF 

0 

.201 

PRESS  RATIO  (T/S) 

1.03 

HORSEPOWER 

29. 

EXIT  MACH  WRffiER 

0-13 

SPECIFIC  SPEED 

146. <6 

SPECIFIC  DI AfCTER 

0-52 

■  M2  TlRBItC  ■ 

•  < 

a 

H2  PUMP  « 

STAGE  ONE 

STAGE  TWO 

EFFICIENCY  (T/T) 

0.815 

EFFICIENCY 

0.695 

0.695 

EFFICIENCY  (T/S) 

0.767 

NORSEPCXCR 

485. 

479. 

SPEED  (RPM) 

136363. 

SPEED  CRPM) 

136363. 

136363. 

HORSEPOWER 

964. 

SS  SPEED 

9571. 

WLAN  DIA.  UN) 

2.63 

S  SPEED 

999. 

1001. 

EFF  AREA  (  IN2  ) 

0.29 

HEAD  (FT) 

41375. 

40897. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.71 

2.71 

MAX  TIP  SPEED 

1653. 

TIP  SPEED 

1612. 

1612. 

STAGES 

1 

VOL.  F LOW 

452. 

446. 

GAMMA 

1.38 

HEAD  COEF 

0.512 

0.506 

PRESS  RATIO  (T/T) 

1.65 

FLOW  COEF 

0.110 

PRESS  RATIO  (T/S) 

1.70 

DIAMETER  RATIO 

*  So  1 

EXIT  MACH  MIA«£R 

0.20 

BEARING  DN 

3 

.  Q0E*06 

SPECIFIC  SPEED 

43.19 

SHAFT  DIAJCTER 

22.00 

SPECIFIC  DINCTER 

1.81 

«  02  BOOST  TURBIfC  ■ 

« • 

■ 

•  < 

02 

BOOST  PUMP 

■ 

■  ■ 

EFFICIENCY 

(T/T) 

0.808 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.765 

HORSEPOWER 

15. 

SPEED 

(RPM) 

14271. 

SPEED  (RPM) 

14271 . 

►CAN  DIA 

UN) 

4.01 

S  SPEED 

3026. 

CFT  AREA 

UW2) 

0.14 

HEAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  UN) 

2-11 

MAX  TIP  SPEED 

26  1  . 

TIP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

169. 

GAfiA 

1  .  78 

HEAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEP06CR 

15. 

EXIT  MACH  ►AMBER 

0.02 

SPECIFIC  SPEED 

38.28 

SPECIFIC  DINCTER 

2.02 

»  02  TlRBINE  ■  ■  02  PUMP  ■ 


EFFICIENCY  (T/T) 

0.829 

EFFICIENCY 

0.720 

EFFICIENCY  (T/S) 

0.718 

HORSE  POCR 

618. 

SPEED  (RPM) 

107453. 

SPEED  (RPM) 

107453. 

HORSEPOtCR 

618. 

SS  SPEED 

27313. 

►CAN  DIA  UN) 

1  .  15 

S  SPEED 

1492. 

EFF  AREA  UK2I 

0.21 

HEAD  (FT) 

91  14. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

1.72 

MAX  TIP  SPEED 

619- 

TIP  SPEED 

807. 

STAGES 

1 

VOL  .  FLOW 

168. 

GAMMA 

1  .  78 

MEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

2.08 

FLOW  COEF 

0. 138 

PRESS  RATIO  (T/S) 

2.39 

DIAMETER  RATIO 

0.471 

EXIT  MACH  MLM8ER 

0.35 

BEARING  DN 

1  . 50E  *06 

SPECIFIC  SPEED 

83.84 

SHAFT  DIAJCTER 

14.00 

SPECIFIC  DlANETER 

0 . 98 
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TABLE  41.  —  DUAL-EXPANDER  ENGINE  -  25,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

11 08 . 7 

VAC  ENGlfC  Tt«UST 

25000. 

TOTAL  ENGINE  FLOW  RATE 

sr .  i  o 

DEL.  VAC.  ISP 

679.9 

THROAT  AREA 

11.00 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  0IAMETER 

118.33 

ENGINE  MIXTURE  RATIO 

6.00 

ETA  C« 

0.993 

CHAMBER  COOLANT  DP 

308. 

CHAMBER  COOLANT  DT 

317. 

NOZZLE  COOLANT  DP 

222. 

NOZZLE  COOLANT  DT 

35 1  . 

CHAMBER  Q  (HYDROGEN  COOLED) 

9095. 

NOZZLE  0  (OXYGEN  COOLED) 

5893. 

ENGItC  STATION  CONDITIONS 


■  FUEL  SYSTEM  COKUTIOMS  ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

B.P.  INLET 

18.6 

57.6 

7.66 

-107.5 

6.37 

B.P .  EXIT 

100.5 

38.5 

7.66 

-103.0 

6.39 

PUMP  INLET 

100.5 

38.5 

7.66 

-103.0 

6.39 

1ST  STAGE  EXIT 

1236.6 

51.8 

7.66 

-39.5 

6.50 

PUMP  EXIT 

2386.6 

66.6 

7.66 

23.9 

6.59 

COOLANT  INLET 

2362.7 

66.8 

7.66 

23.9 

6.57 

COOLANT  EXIT 

2055.1 

382.3 

7.66 

1263.2 

0.91 

TBV  IH-ET 

2036.6 

382.6 

0.37 

1263.2 

0.91 

T8V  EXIT 

1235.1 

586.2 

0.57 

1263.2 

0.57 

K2  TRB  INLET 

2036.6 

582.6 

7.09 

1263.2 

0.91 

M2  TRB  EXIT 

1321.6 

350.2 

7.09 

1109.6 

0.67 

M2  TRB  DIFFUSER 

1282.5 

350.2 

7.09 

1109.6 

0.65 

M2  BST  TRB  IN 

1269.6 

350.2 

7.09 

1109. 6 

0.65 

H2  BST  TRB  OUT 

1268.5 

369.1 

7.09 

1106.8 

0.63 

H2  BST  TRB  DIFF 

1235.1 

569.1 

7.09 

1106.8 

0.63 

H2  TANK  PRESS 

18.6 

551.6 

0.0171 

1111.7 

0.0100 

FSOV  INLET 

1235.1 

350.8 

7.66 

1111.7 

0.62 

FSOV  EXIT 

1206.2 

350.9 

7.66 

1111.7 

0.61 

CHAMBER  INJ 

1175.7 

350.9 

7.66 

1111.7 

0.60 

CHAMBER 

1108.7 

■  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEW 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

66.7 

61.1 

71.17 

B.P.  EXIT 

135.6 

165. 2 

66.7 

61  .5 

71.20 

PUMP  INLET 

135.6 

165.2 

66.7 

61.5 

71  .20 

PUMP  EXIT 

6859.1 

185.5 

66.7 

77.9 

71.99 

COOLANT  IH-ET 

6810.5 

185.7 

66.7 

77.9 

71.92 

COOLANT  EXIT 

6589.0 

537.0 

66.7 

209.7 

25.58 

OTBV  IU.ET 

6589.0 

537.0 

2.0 

209.7 

25.58 

OTBV  EXIT 

1871.0 

693.6 

2.0 

209.7 

12.63 

02  TRB  IX.ET 

6589.0 

537.0 

38.3 

209.7 

25.58 

02  TRB  EXIT 

2078.1 

636.8 

38.3 

190.6 

17.06 

02  TRB  DIFFUSER 

1871.0 

630.5 

38.3 

190.6 

15.62 

02  BST  TRB  IN 

6589.0 

537.0 

6.5 

209.7 

25.58 

02  BST  TRB  OUT 

6567.3 

523.7 

6.5 

205.6 

26.36 

02  BST  TRB  OIFF 

6565 . 7 

523.7 

6.5 

205.6 

26.33 

OBTV  INLET 

6565.7 

523.7 

6.5 

205.6 

26.33 

OB TV  EXIT 

1871.0 

679.6 

6.5 

205.6 

13.05 

MIXER 

1871.0 

637.7 

66.7 

192.8 

15  *5 

02  TANK  PRESS 

16.0 

365. 2 

0.087 

192.8 

0.16 

OCV  INLET 

1777.5 

636.7 

66.7 

192.8 

16.69 

OCV  EXIT 

1266.2 

615.1 

66.7 

192.8 

10.50 

CHAMBER  INJ 

1219.5 

616.0 

66.7 

192.8 

10.31 

CHAMBER 

1108.7 

• 

VALVE  DATA  ■ 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

OTBV 

2718. 

0.02 

2.01 

5.00 

TBV 

799. 

0.03 

0.37 

5.00 

FSOV 

SI. 

2.50 

7.66 

OBTV 

26  75. 

0 . 06 

6.67 

OCV 

533. 

0.76 

66.66 

• 

IN.ll  CTOR 

Data  • 

INJECTOR 

DEI  TA  P 

AP(  A 

Ft  ON 

Vf  tOCITv 

FUEL 

86. 

1  -  72 

7.66 

1063.96 

LOX 

123. 

1  -  *8 

66 . 66 

315.55 
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TABLE  41.  —  DUAL-EXPANDER  ENGINE  -  25,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


•  TURBOHACHINERY  PERFORMANCE  DATA  ■ 


•  H2  BOOST  TVJR8INE  ■ 

■  H2  BOOST  PUMP 

■  « 

• 

EFFICIENCY  ( T/T ) 

0.821 

EFFICIENCY 

0.766 

EFFICIENCY  tT/S) 

0.443 

HORSEPOtCK 

48. 

SPEED  (RPM ) 

41232. 

SPEED  IRPM1 

41232. 

ME AW  DIA  (IN) 

1 .46 

S  SPEED 

3049. 

EFF  AREA  (1N2) 

2.82 

MEAD  (FT) 

2690. 

U/C  (ACTUAL) 

0.537 

0 I A .  (IN) 

2.44 

MAX  TIP  SPEED 

376. 

TIP  SPEED 

439. 

STAGES 

1 

VOL.  FLOW 

763. 

GAMMA 

1.36 

Ft  AD  COEF 

0.450 

PRESS  RATIO  CT/T) 

1.02 

FLOW  COEF 

0.20) 

PRESS  RATIO  (T/S) 

1.03 

HORSEPOWER 

48. 

EXIT  MACH  NIXBER 

0.13 

SPECIFIC  SPEED 

150.00 

SPECIFIC  DIAICTER 

0.52 

•  H2  TURBIN  ■ 

m  H2  PUMP  ■ 

STAGE  ONE  STAGE  TWO 


EFFICIENCY 

CT/T) 

0.870 

EFFICIENCY 

0.740 

0.739 

EFFICIENCY 

CT/SI 

0.800 

HORSEPOWER 

670. 

670. 

SPEED 

(RPM) 

125000. 

SPEED  (RPM) 

125000. 

125000. 

HORSEPOWER 

1340. 

SS  SPEED 

11364. 

MEAN  DIA. 

(IN) 

2.62 

S  SPEED 

1290. 

1279. 

EFF  AREA 

CIN2) 

0.51 

►CAD  (FT) 

36570. 

36487. 

U/C  (ACTUAL) 

0.553 

DU.  (IN) 

2.85 

2.85 

MAX  TIP  SPEED 

1549. 

TIP  SPEED 

1556. 

1555. 

STAGES 

1 

VOL.  FLOW 

744. 

730. 

GAMMA 

1.36 

►CAD  COEF 

0.486 

0.485 

PRESS  RATIO 

(T/T) 

1.54 

FLOW  COEF 

0-128 

PRESS  RATIO 

(T/S) 

1.60 

DIAMETER  RATIO 

0.442 

EXIT  MACH  NUMBER 

0.23 

BEARING  DN 

3.00E-06 

SPECIFIC  SPEED 

58.33 

SHAFT  DIAMETER 

24.00 

SPECIFIC  OHUCTER 

1.41 

•  02  BOOST  TURBIN  • 

•  i 

■ 

02  BOOST  PIPT  ■ 

EFFICIENCY 

(T/T) 

0.844 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.802 

HORSEPOWER 

26. 

SPEED 

(RPM) 

11052. 

SPEEO  (RPM) 

i*052. 

►CAN  DIA 

(  IN) 

5.17 

S  SPEED 

3026. 

EFF  AREA 

(IN2) 

0.21 

►CA  D  (FT) 

242. 

U/C  :  ACTUAL) 

0.553 

DIA.  (IN) 

2.72 

MAX  TIP  SPEED 

260. 

TIP  SPEED 

132- 

STAGES 

1 

VOL.  FLOW 

282. 

GAMMA 

1.91 

►CAD  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1.01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

26. 

EXIT  MACH  Nl*8ER 

0.02 

SPECIFIC  SPEED 

37.16 

SPECIFIC  DlA/CTER 

2.13 

•  02  TURBINE  •  •  02  PIAC  • 


EFFICIENCY 

(T/T) 

0.877 

EFFICIENCY 

0.736 

EFFICIENCY 

(T/S) 

0.76/ 

NORSEPOCR 

1044. 

SPEED 

(RPM) 

83640. 

SPEED  (RPM) 

63640. 

HORSEPOWER 

1044  . 

SS  SPEED 

27451. 

►CAN  DIA 

(  IN) 

1.49 

S  SPEEO 

1458. 

EFF  AREA 

(  IN2  ) 

0.31 

►CAD  (FT) 

9445. 

U/C  (ACTUAL) 

0.553 

DIA.  (1M) 

2.22 

MAX  TIP  SPEED 

617. 

TIP  SPEED 

812. 

STAGES 

1 

VOL.  FLOW 

279. 

GAMMA 

1.91 

►CAD  COEF 

0.461 

PRESS  RATIO 

(T/T) 

2.21 

FLOW  COEF 

0.117 

PRESS  RAT  TO 

(T/S) 

2.55 

DIAMETER  RATIO 

0.670 

EXIT  MACH  NUMBER 

0.36 

BEARING  DN 

l .5  IE  *06 

SPECIFIC  SPEED 

81.81 

SHAFT  OIAfCTER 

16.00 

SPECIFIC  DIAICTER 

1.03 
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TABLE  42.  —  DUAL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


C MG  I  ME  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

IOA*.* 

VAC 

EMGIFC  THRUST 

37S00. 

total  engine 

flon  rate 

78.15 

DEL 

.  VAC.  ISP 

<7*. 8 

THROAT  AREA 

17.  A1 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

1A8.8* 

ENGINE  MIXTURE  RATIO 

6.00 

ETA 

C« 

0 .  **3 

CHAMBER  COOLANT  DP 

263. 

CHAMBER  COOLANT  DT 

2*A. 

NOZZLE  COOLANT  DP 

233. 

NOZZLE  COOLANT  DT 

315. 

CHAMBER  0  (HYDROGEN  COOLED) 

72400. 

NOZZLE  Q  (OXYGEN  COOLED) 

8113. 

ENGINE  STATION 

CONDITIONS 

■  ■■ 

■  FUEL 

SYSTEM  CONDITIONS  ■ 

STATION 

PRESS 

TEN* 

flow 

ENTHALPY 

DENSITY 

B.P.  I*_£T 

18.6 

37. A 

n.i* 

-107.5 

A. 37 

B.P.  EXIT 

100. A 

38.5 

11.19 

-103.0 

A. 5* 

PUW>  IHJTT 

100. A 

38.5 

11.1* 

-103.0 

A.  3* 

1ST  STAGE  EXIT 

1ISA. 6 

A*.* 

II- 1* 

-A4.7 

A. SI 

PUMP  EXIT 

2102.1 

61 . 1 

11.1* 

*.8 

A. 61 

COOLANT  I«_ET 

2120.2 

61.3 

11.  J* 

9.8 

A. 5* 

COOLANT  EXIT 

1007.1 

3S5.7 

11.1* 

1135.4 

0.92 

tbv  inlet 

1838.1 

3S5.7 

0.56 

1135.4 

0.91 

TBV  EXIT 

U69.7 

3S6.* 

0.56 

1135.6 

0 .58 

H2  TRB  PLH 

1808.  I 

3S5.7 

10.63 

1135.6 

0.91 

M2  TRB  EXIT 

125/ .3 

327.1 

10.63 

1016.9 

0.68 

K2  TRB  DIFFUSER 

1216.1 

327.1 

10.63 

1016.9 

0.66 

K2  BST  TRB  IN 

120A .  0 

327.1 

10.63 

1016.9 

0.64 

K2  BST  TRB  OUT 

1182.8 

325.* 

10.63 

1012.1 

0.6A 

HZ  BST  TRB  0IFF 

IK*.  7 

325.* 

70.63 

1012.1 

0.63 

M2  TAM(  PRESS 

18.6 

327. A 

0.027A 

1018.3 

8.0107 

FSOV  I*ET 

116*. 7 

327.5 

11.16 

1018.3 

0.63 

FSOV  EXIT 

11A0.5 

327.5 

11.16 

1018.5 

0.62 

CHAMBER  INJ 

1117.2 

327. 5 

11.16 

1018.3 

0.61 

CHAMBER 

IOA* . * 

•  OXYGEN  SYSTEM 

CONDITIONS 

■ 

STATION 

PRESS 

TEMP 

flow 

ENTHALPY 

DENSITY 

B.P.  I«_£T 

16.0 

162.7 

67.1 

61.1 

71.17 

B.P.  EXIT 

1S5.6 

US.  2 

67.1 

61.5 

71.28 

PUN P  INJET 

135. 6 

UJ.2 

67.1 

61.5 

71.28 

PUN*  EXIT 

A716.1 

18A.0 

67.1 

77.1 

72.0* 

COOLANT  JM.ET 

4668.9 

18A.2 

67.1 

77.1 

72.02 

COOLANT  EXIT 

AAS6.3 

<**.  1 

67.1 

1*8.0 

27.64 

otbv  inlet 

AAS6.S 

A**.  1 

3.0 

1*8.0 

27.64 

otbv  exit 

1772. A 

<50.8 

3.0 

1*8.0 

13.58 

02  TRB  IM.ET 

AAJ6.5 

<**.1 

57. A 

1*8.0 

27.64 

02  TRB  EXIT 

1*76.3 

AOA.S 

57. A 

179.6 

18.94 

02  TRB  DIFFUSER 

1772. A 

3*7.6 

57  .A 

179.6 

17.35 

02  BST  TRB  IN 

AAS6.S 

<**.  I 

6.7 

1*8.0 

27.64 

02  BST  TR8  OUT 

AS*5 . 3 

<86.7 

6.7 

1*3.9 

28.43 

02  BST  TRB  OIFF 

A 3*1 .6 

<86.7 

6.7 

1*3.9 

28.43 

08 TV  IN.ET 

A3*l .6 

<86.7 

6.7 

1*3.9 

28.43 

00 TV  EXIT 

1772. A 

<38. 1 

6.7 

1*3.9 

14. 24 

MIXER 

1772. A 

<03.6 

67.0 

181.9 

14.79 

02  tanc  press 

16.0 

2*5.6 

0.153 

181.9 

0.14 

OCV  INLET 

1683.8 

<00. A 

47.0 

181.9 

16.08 

OCV  EXIT 

1178.7 

378.7 

47.0 

181.9 

11 .72 

CHAMBER  INJ 

1155. 2 

377.5 

67.0 

181.9 

11.51 

CHAMBER 

IOA*.* 

■ 

VALVE  DATA  • 

valve 

DELTA  P 

AREA 

FLOW 

t  BYPASS 

otbv 

266A  . 

0.02 

3.02 

5.00 

TBV 

719  . 

0.0< 

0.56 

5.00 

FSOV 

2*. 

S.8? 

11.16 

08  TV 

261*. 

O.OS 

4.71 

OCV 

SOS . 

III 

66.** 

■ 

iNjffTOR  DATA  • 

INJECTOR 

DELTA  p 

APf  A 

flom 

VELOCITY 

FUEL 

7*. 

7.6  3 

1114 

1009.01 

LOX 

117. 

2  R8 

66  .  ** 

2*1.12 

I7X 


TABLE  42.  —  DUAL-EXPANDER  ENGINE  —  37,500  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


•  TURBOMACHIftRY  PERFORMANCE  DATA  • 


■  H2  BOOST  TURBINE  • 

•  H2  BOOST  PUMP 

•  ■ 

• 

EFFICIENCY  (T/T) 

0.6X7 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

q.454 

HORSEPOWER 

71  . 

SPEED  (RPM) 

33453. 

SPEED  (RPM  J 

3S45S. 

MEAN  OIA  (IN) 

1.74 

S  SPEED 

3049. 

EFF  AREA  (JN2) 

4.21 

»CAD  (FT) 

2488. 

U/C  (  AC  T  UAL  ) 

0.531 

DIA'.  (IN) 

2.98 

MAX  TIP  SPEED 

372. 

TIP  SPEED 

458- 

STAGES 

1 

VOL.  FLOW 

1  144. 

GAMMA 

1.40 

HEAD  COEF 

0 .450 

PRESS  RATIO  (T/T) 

1.02 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

1  .OS 

HORSEPOWER 

71. 

EXIT  MACH  HUMBER 

0.15 

SPECIFIC  SPEED 

ISO. 00 

SPECIFIC  DIAMETER 

0.S2 

■  M2  TURBINE  ■ 

•  H2  PUMP  » 

STAGE  ONE  STAGE  TWO 


EFFICIENCY  (T/T) 

0.885 

EFFICIENCY 

0.740 

0.759 

EFFICIENCY  (T/S) 

0.801 

HORSE  PCACR 

891 . 

895. 

SPEED  (RPM) 

107143. 

SPEED  (RPM) 

107143. 

107143. 

HORSEPOWER 

1784. 

SS  SPEED 

11955. 

MEAN  DIA.  (IN) 

2.88 

S  SPEED 

1451. 

1433. 

EFF  AREA  (1N2) 

0.79 

HEAD  (FT ) 

35288. 

33344. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.22 

3.22 

MAX  TIP  SPEED 

1481. 

TIP  SPEED 

1504. 

1504. 

STAGES 

1 

VOL.  FLOW 

1114. 

1090. 

GAMMA 

1  .40 

HEAD  COEF 

0.472 

0.473 

PRESS  RATIO  (T/T I 

1.50 

FLOW  COEF 

0.134 

PRESS  RATIO  1 T/S ) 

1.57 

DIAMETER  RATIO 

0.472 

EXIT  MACH  NUMBER 

0.24 

BEARING  DN 

3 . 00E*04 

SPECIFIC  SPEED 

44.14 

SHAFT  DIAMETER 

28.00 

SPECIFIC  OIAfCTER 

1.24 

■  02  BOOST  TURBINE  ■ 

■  i 

■ 

•  ■ 

02  BOOST  PUMP  ■ 

EFFICIENCY 

(T/T) 

0.851 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.809 

HORSEPOWER 

59. 

SPEED 

(RPM) 

9022. 

SPEED  (RPM) 

9022. 

MEAN  DIA 

(IN) 

4.34 

S  SPEED 

3024. 

EFF  AREA 

(IM2) 

0.30 

ICAD  (FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

3.34 

MAX  TIP  SPEED 

240. 

TIP  SPEED 

132. 

stages 

1 

VOL.  FLOW 

423. 

GAMMA 

1.97 

»«AD  COEF 

0.450 

PRESS  RATIO 

(T/T  ) 

1  .01 

FLOW  COEF 

0.200 

PRESS  RATIO 

(T/S) 

1.01 

HORSEPOWER 

39. 

EXIT  MACH  NUMBER 

0.02 

SPECIF »C  SPEED 

34.48 

SPECIFIC  DlAJCTER 

2.14 

■  02  TURB14C  ■  ■  02  • 


EFFICIENCY  (T/T) 

0.887 

EFFICIENCY 

0.750 

EFFICIENCY  IT/S) 

0.774 

HORSEPOWER 

1488. 

SPEED  (RPM) 

47087. 

SPEED  (RPM) 

47087. 

HORSEPOWER 

1488. 

SS  SPEED 

24973. 

MEAN  OU  (IN) 

1.81 

S  SPEED 

1447. 

EFF  AREA  (1N2) 

0.44 

HEAD  (FT) 

9144. 

U/C  (ACTUAL) 

0.553 

DIA.  (IN) 

2.72 

MAX  TIP  SPCED 

402. 

TIP  SPEEO 

794. 

STAGES 

1 

VOL.  FI  ON 

418. 

GAMMA 

1.97 

HEAD  COEF 

0.445 

PRESS  RATIO  (T/T) 

2.24 

FLOW  COEF 

0.137 

PRESS  RATIO  (T/S) 

2.40 

OfAfCTER  RATIO 

0.4  72 

EXIr  MACH  NUMBER 

0.34 

BEARING  DN 

1 .48E-04 

SPECIFIC  SPEED 

82.37 

SHAFT  DIAICTER 

22.00 

SPECIFIC  OIAMETER 

1.03 

170 


TABLE  43.  —  DUAL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 

GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1022.1 

VAC  ENGINE  THRUST 

soooo. 

TOTAL  ENGlfC  FLOW  RATE 

104.20 

DEL.  VAC.  ISP 

479  .8 

throat  area 

2  3.84 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

174.25 

ENGINE  MIXTURE  RATIO 

4.00 

ETA  C« 

0.995 

CHAMBER  COOLANT  DP 

22*. 

CHAMBER  COOLANT  DT 

278. 

NOZZLE  COOLANT  DP 

215. 

NOZZLE  COOLANT  OT 

295. 

CHAMBER  Q  (HYDROGEN  COOLED) 

15805. 

NOZZLE  Q  (OXYGEN  COOLED) 

10262. 

ENGINE  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

FLCM 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

14.92 

-107.5 

4.37 

B.P.  EXIT 

100.8 

38.5 

14.92 

-103.0 

4.19 

PUMP  INLET 

1 00. a 

38.5 

14.92 

-103.0 

4.39 

1ST  STAGE  EXIT 

1061 .4 

49.0 

14.92 

-50.4 

4.52 

PUMP  EXIT 

2068.7 

59.3 

14.92 

2.5 

4.62 

COOLANT  INLET 

2067.8 

59.5 

14.92 

2.5 

4.60 

COOLANT  EXIT 

1842.0 

337.4 

14.92 

1041.3 

0.*3 

TBV  INLET 

2825.6 

337.5 

0.75 

1041.3 

0 .  *3 

TBV  EXIT 

1158.6 

338.3 

0.75 

1041.3 

0*0 

M2  TR8  IH.ET 

1825.6 

537.5 

14.18 

1061.3 

o.«: 

M2  TRB  EXIT 

1230.1 

510.7 

14.18 

950.3 

o.?o 

H2  TRB  DIFFUSER 

1184.7 

3)0.7 

14.18 

950.3 

0.47 

K2  BST  TRB  IN 

1172.9 

310.7 

14.18 

950.3 

0-67 

HZ  BST  TRB  OUT 

1151.7 

309.4 

14.18 

945.5 

0.»4 

H2  BST  TRB  DIFF 

1158.6 

309.4 

14.18 

945.5 

0 .  t5 

M2  TANK  PRESS 

18.6 

510.2 

0.0386 

951.3 

0.0113 

FSOV  INLET 

1158.6 

311.0 

14.89 

951.3 

0.«5 

FSOV  EXIT 

1110.1 

311.0 

14.89 

951.3 

0.«3 

CHAMBER  INJ 

1087.5 

311.0 

14.89 

951.3 

0 .  *2 

CHAMBER 

1022.1 

•  OXYGEN  SYSTEM  CONDITIONS 

■ 

STATION 

PRESS 

TW 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

14.0 

142.7 

89.5 

61.1 

71.17 

B.P.  EXIT 

155. 6 

143.2 

89.5 

61.5 

7i.ro 

PUMP  INLET 

135.4 

143.2 

89.5 

61.5 

71  r* 

PU*>  EXIT 

4632.1 

183.1 

89.5 

76.6 

72 . 15 

COOLANT  IH.ET 

4585.8 

183.3 

89.5 

76.4 

72.09 

2C3.MCT  ETI T 

4351.1 

478.5 

89.5 

191.2 

28.  *5 

OTBV  INLET 

4351 . 1 

478.5 

4.0 

191.2 

28.  *5 

OTBV  EXIT 

1725.0 

428.3 

4.0 

191.2 

I4.9J 

02  TRB  INLET 

4351.1 

478.5 

74.6 

191.2 

28.95 

02  TRB  EXIT 

1926.5 

587.5 

74.4 

173.5 

20.17 

02  TRB  DIFFUSER 

1725.0 

380.4 

74.6 

173.5 

18  *0 

02  BST  TRB  IN 

43S1.I 

4  78.5 

9.0 

191.2 

28.  *5 

02  BST  TRB  OUT 

4307.4 

•'44. 2 

9.0 

187.2 

29  .87 

02  BST  TRB  OIFF 

4305.7 

<44.2 

9.0 

287.2 

29.8* 

OB TV  INLET 

4305.7 

444.2 

9.0 

187.2 

29.** 

OB TV  EXIT 

1 725 . 0 

414. 2 

9.0 

187.2 

15.:: 

MIXER 

1725-0 

385.3 

89.3 

175.7 

18  .  w 

02  TANK  PRESS 

U.O 

247.  1 

0.227 

175.7 

0.  .0 

OCV  1H_ET 

1438.  / 

382.1 

89.3 

175.7 

17.12 

OCV  EXIT 

1147.1 

3:7.2 

89.3 

175.7 

12. •* 

CHAMBER  INJ 

1124.3 

358.0 

89.3 

175.7 

12>* 

CHAMBER 

1022.1 

•  VALVE  DATA 

■ 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

OTBV 

2424. 

0.03 

4.03 

5.00 

TBV 

685. 

0.04 

0.75 

5.00 

FSOV 

28. 

5.10 

14.89 

OBI  V 

258)  . 

0.07 

8.95 

OCV 

492. 

1.45 

89.32 

•  I N  Jf  C  T OR  DATA  • 


ARE  A 

5. SI 
3.75 


INJECTOR 

FUEL 

LOX 


DELTA  P 
77. 
114. 


ISO 


FLOW 
l  A  .8* 
89.3? 


VELOCITY 
*8?  .  I  A 

r?s.  70 


TABLE  43 


.  —  DUAL-EXPANDER  ENGINE  —  50,000  LBF  THRUST  (COPPER 
GROOVED  CHAMBER)  (CONTINUED) 


■  TURWXACHINERY  PERFORMANCE  DATA  • 


'  H2  BOOST  TURBINE  *  •  H2  BOOST  Plt»»  ■ 


EFFICIENCY 

CT/T1 

0.8S4 

EFFICIENCY 

0.745 

EFFICIENCY 

IT/S) 

0.468 

HORSEPOWER 

94. 

SPEED 

(RPN) 

29210. 

SPEED  (RPM) 

29210. 

»CAN  DIA 

(IN) 

2.02 

S  SPEED 

504%. 

EFF  AREA 

(IN2) 

5.52 

MEAD  (FT) 

2701. 

U/C  (ACTUAL ) 

0.527 

DIA.  (IN) 

3.4% 

MAX  TIP  SPEED 

569. 

TIP  SPEED 

459. 

STAGES 

1 

VOL.  FLOW 

1524 . 

GAMMA 

1.54 

HEAD  COEF 

0.450 

PRESS  RATIO 

CT/T) 

1.02 

FLOW  COEF 

0.201 

PRESS  RATIO 

CT/S) 

1.05 

HORSEPCAeR 

94. 

EXIT  MACH  NUMBER 

0.14 

SPECIFIC  SPEED 

150.00 

SPECIFIC  DIAMETER 

0.55 

•  M2  TURBINE  • 

■  H2  PUMP  ■ 

STAGE  ONE 

STAGE  TWO 

EFFICIENCY  (T/T) 

0.895 

EFFICIENCY 

0.772 

0.771 

EFFICIENCY  fT/S) 

0.797 

HORSEPOWER 

mo. 

1117. 

SPEED  (RPM) 

100006. 

SPEED  (RPM) 

100000. 

100000. 

N0RSEPO6CR 

2224. 

SS  SPEED 

12819. 

MEAN  DIA.  (IN) 

2.99 

S  SPEED 

1427. 

1403. 

EFF  AREA  ( 1K2 ) 

)  .OB 

HEAD  (FT) 

31545. 

31720. 

U/C  (ACTUAL) 

0.555 

DIA.  (IN) 

3.42 

3.42 

MAX  TIP  SPEED 

1454. 

TIP  SPEED 

1495. 

1495. 

STAGES 

1 

VOL.  FLOW 

1483. 

1451. 

GAM4A 

1.34 

►«AD  COEF 

0.454 

0.457 

PRESS  RATIO  (T/T) 

1  .48 

FLOW  COEF 

0.145 

PRESS  RATIO  (T/SI 

1.54 

DIAMETER  RATIO 

0.507 

EXIT  MACH  NUMBER 

0.24 

BEARING  DN 

3 . 0OE*04 

SPECIFIC  SPEED 

74.15 

SHAFT  DIAMETER 

30.00 

SPECIFIC  DIAMETER 

1.14 

•  02  BOOST  TURBIfC  • 

ii 

■ 

02  BOOST  PUMP 

<• 

■ 

EFFICIENCY  (T/T) 

0.857 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.8)5 

HORSEPOWER 

%2. 

SPEED  (RPM) 

7812. 

SPEED  (RPM) 

7812. 

6CAM  DIA  UN) 

7.32 

S  SPEED 

3024. 

EFF  AREA  (IM2) 

0.39 

HEAD 

(FT) 

242. 

U/C  (ACTUAL) 

0.553 

DIA. 

(IN) 

3  -85 

MAX  TIP  SPEED 

240. 

TIP  SPEED 

132. 

STAGES 

1 

VOL. 

FLOW 

544. 

GAt*A 

2.01 

HEAD 

COEF 

0.450 

PRESS  RATIO  (T/T) 

1 .01 

FLOW 

COEF 

0.200 

PRESS  RATIO  (T/S) 

1-01 

HCJRSEP06CR 

52. 

EXIT  MACH  NUMBER 

0.02 

SPECIFIC  SPEED 

36.44 

SPECIFIC  DIAfCTER 

2.18 

•  02  TURBHC  ■  ■  02  PUMP  ■ 


EFFICIENCY 

(T/T) 

0.895 

EFFICIENCY 

0.759 

EFFICIENCY 

(T/S) 

0. 785 

HORSEPOWER 

1923. 

SPEED 

(RPM) 

57445. 

SPEED  (RPM) 

57443. 

M0RSEPC4CR 

1925. 

SS  SPEED 

24481. 

#C  AM  01 A 

UNJ 

2.08 

S  SPEED 

1471. 

EFF  AREA 

(  IN2  ) 

0.41 

HEAD  (FT) 

8971. 

U/C  (ACTUAL) 

0.555 

DIA.  UN) 

3.13 

MAX  TIP  SPEED 

592- 

TIP  SPEED 

785. 

STAGES 

1 

VOL.  FLOW 

557. 

GAMU 

2.01 

HEAD  COEF 

0.448 

PRESS  RATIO 

(T/T) 

2.24 

FLCN  COEF 

0.IJ7 

PRESS  RATIO 

(T/S) 

2.42 

DIAMETER  RATIO 

0.472 

EXIT  MACH  NUMBER 

0.34 

BEARING  DN 

1 -49€*04 

SPECIFIC  SPEED 

82.68 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIWCTER  1.05 


1X1 


TABLE  44 


FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
7500  LBF  THRUST  (COPPER  GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE  1906.0 


VAC 

ENGINE  THRUST 

7500. 

TOTAL  ENGINE  FLOW  RATE 

15.62 

DEL. 

VAC.  ISP 

480.1 

THROAT  AREA 

1 .93 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

49.52 

ENGINE  MIXTURE 

RATIO 

6.00 

ETA 

C- 

0.993 

CHAMBER  COOLANT  OP 

1302. 

CHAMBER  COOLANT  DT 

747. 

NOZZLE/CHAMBER 

Q 

5996. 

ENGINE 

STATION 

CONDITIONS 

... 

a 

s 

r 

SYSTEM  COfOITIONS  • 

STATION 

PRESS 

TEH5 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

2.23 

-107.5 

4.37 

B.P.  EXIT 

100.4 

38.5 

2.23 

-103.0 

4.39 

PUMP  INLET 

100.4 

38.5 

2.23 

-103.0 

4.39 

1ST  STAGE  EXIT 

2168.6 

77.3 

2.23 

54.2 

4.16 

2ND  STAGE  EXIT 

4119.0 

112.8 

2.23 

202.8 

4.13 

PUMP  EXIT 

S994.S 

144.5 

2.23 

344.0 

4.17 

COLD  REGEN  IN 

5934  .5 

145.0 

2.23 

344.0 

4.15 

COLD  REGEN  EX 

5875.2 

374.0 

2.23 

1266.3 

2.19 

COOLANT  INLET 

5875.2 

374.0 

2.23 

1264.3 

2.19 

COOLANT  EXIT 

4573.3 

1121.3 

2.23 

3950. 8 

0.69 

TBV  IH.ET 

4S27.6 

1121. 6 

0.11 

3950.8 

0.69 

TBV  EXIT 

2199.7 

1138.3 

0.11 

395C.8 

0-35 

02  TRB  INLET 

4527.6 

1121  .6 

2.12 

3950.8 

0.69 

02  TRB  EXIT 

4186.7 

1104.4 

2.12 

3881.8 

0.65 

H2  TR8  Inlet 

4186.7 

1104.4 

2.12 

3881 .8 

0.65 

H2  TRB  EXIT 

2316.5 

98  3.0 

2.12 

3411.2 

0.42 

H2  TRB  DIFFUSER 

2290.7 

983.2 

2.12 

3411.2 

0-41 

H2  BST  TRB  IN 

2267.8 

983.2 

2.12 

J4J1.2 

0.41 

H2  BST  TRB  OUT 

2252.9 

982.1 

2.12 

3406.4 

0.41 

H2  BST  TRB  DIFF 

2244.4 

9*2.2 

2.12 

3406.4 

0.41 

02  BST  TRB  IN 

2222.0 

982.3 

2.12 

3406.4 

0.40 

02  BST  TRB  OUT 

2214.1 

981.4 

2.12 

3403.8 

0.40 

02  BST  TRB  DIFF 

2210.7 

98  1.7 

2.12 

3403.8 

0.40 

H2  TAHC  PRESS 

18.6 

1004 .8 

0.0018 

3431.2 

0.00  25 

GOX  HEAT  EXCH  IN 

2199.7 

989.6 

2.23 

3431.2 

0.40 

GQX  NEAT  EXCH  OUT 

2188.7 

98  9.3 

2.23 

3429.3 

0.39 

HOT  REGEN  IN 

2188.7 

989.3 

2.23 

3429.8 

0.39 

HOT  REGEN  EX 

2123.0 

727.4 

2.23 

2506.8 

0.51 

FSOV  INLET 

2123.0 

727.4 

2.23 

2506.8 

0.51 

FSOV  EXIT 

2070.0 

727.7 

2.23 

2506.8 

0.50 

CHAMBER  INJ 

2049.3 

727.8 

2.23 

2506.8 

0.50 

CHAMBER 

1906.0 

■  OXYGEN  SYSTEM  CONDITIONS 

. 

STATION 

PRESS 

TEH5 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

13.4 

61.9 

70.99 

B.P.  EXIT 

135.2 

165.3 

13.4 

42.3 

70.84 

PUMP  INLET 

135.2 

165.3 

13.4 

42.3 

70.B4 

PUMP  EXIT 

3086.8 

180.8 

13.4 

73.2 

71.17 

02  TANK  PRESS 

16.0 

400.0 

0.023 

204.7 

0. 12 

OSOV  INLET 

3056.0 

181.1' 

2.0 

73.2 

71 .12 

OSOV  EXIT 

2139.2 

184.6 

2.0 

73.2 

69.70 

OCV  INLET 

3056.0 

181.0 

11  .4 

73.2 

71.12 

OCV  EXIT 

2139.2 

184.6 

11.4 

73.2 

69.70 

CHAMBER  INJ 

2117.8 

184.7 

13.4 

73.2 

69.66 

CHAMBER 

*906.0 

• 

val  ve  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOW 

%  BYPASS 

TBV 

2328. 

0  .OJ 

0. 11 

5.00 

FSOV 

53. 

O.bX 

2.23 

OCV 

917. 

0 .07 

13.39 

• 

INJECTOR 

DATA  • 

INJECTOR 

DELTA  P 

APT  A 

FLOW 

FUFl 

143. 

0.40 

2-2  3 

LOX 

212. 

C-  16 

11.36 

1X2 


TABLE  44.  -  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
-  7500  LBF  THRUST  (COPPER  GROOVED  CHAMBER)  (CONTINUED) 


•  njfBOHACHlXfiv  pe»F0Rmaxe  Data  * 


■  k?  soosr  runix  • 

•  m2  BOOST 

P'JMP  . 

EFFICIENCY  (  T/7  I 

*.745 

EFFICIENCY 

0  .  74a 

EFflClQCY  (T/S) 

8.422 

►OJSEPOCR 

I  4  _ 

SPEED  kRPM) 

75301  . 

SPEED  (8PM) 

7530  1  . 

►CAM  DIA  (IM) 

I  .44 

S  SPEED 

:cso. 

tff  AREA  ■  I*CJ 

1 . 25 

►CAD  (FT) 

2t>8*. 

U/C  (ACTUM.  ) 

*.*7l 

DIA  .  ( In  ) 

I  53 

BAX  TIP  SPEED 

572  . 

TIP  SPEED 

4  58  . 

STAGES 

] 

VOL .  FLOW 

::e. 

Catw* 

I  .44 

►CaD  COEF 

0.450 

PRESS  RATIO  (T/TJ 

1 .01 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/S) 

J.OJ 

**3EP(X« 

U. 

EXIT  MACH  MlMfl 

8.0? 

SPECIFIC  SPEED 

150.00 

SPECIFIC  OIAfCTO 

0.78 

•  M2  TUMI  ME  • 

■  M2  PUT** 

■ 

STAGE  CPC 

STAGE  TkC 

STAGE  TV8»EE 

EFFICIENCY 

(T/T) 

9.799 

EFFICIENCY 

0.5  74 

0.584 

0.5*3 

EFFICIEJCT 

(T/S) 

8.781 

HORSEPOWER 

447  . 

470. 

44A. 

SPEED 

(RPM) 

187500. 

SPEED  (RPM) 

187500. 

187500. 

187500. 

KJRSEPOC* 

1*13. 

SS  SPEED 

4X37. 

HE  AM  DIA. 

I  IM) 

1.77 

S  SPEED 

473  . 

4*4. 

715. 

EFF  AREA 

(  IK?  ) 

8.12 

►CAD  (FT) 

70485. 

(.7813. 

AS!  15. 

U/C  (ACTUAL) 

8.517 

DIA.  (IN) 

2.53 

2.53 

2.53 

MAX  TIP  SPEED 

1543. 

TIP  SPEED 

2073. 

207J. 

2073. 

STAGES 

3 

VOL.  FLOW 

24  1  . 

24  J. 

24  1  . 

SAMW 

1  .44 

►CAD  COEF 

0.528 

0  508 

0.488 

PRESS  RATIO 

I T/T  ) 

1-81 

FLOW  COEF 

0.888 

PRESS  RATIO 

IT/SI 

1 .85 

DIAMETER  RATIO 

0.281 

EXIT  MACH  Ml 

IP 

8.13 

BEARING  ON 

3.00E-04 

SPECIFIC  SPEED 

48.52 

SHAFT  DlATCTER 

14.00 

SPECIFIC  OIAACTER 

l  .48 

•  02  boost  turbuc  •  .02  boost  cukp  • 


EFFtCIOCY 

(T/T  I 

8.750 

EFFICIENCY 

0  744 

EFFICIENCY 

I  T/S) 

8.478 

MORSEPOACR 

8. 

SPEED 

(RPM) 

28142. 

SPEED  (RPM) 

20142. 

►CAM  DIA 

(IM) 

4.11 

S  SPEED 

5024. 

EFF  AREA 

(  IK?  ) 

1 . 74 

►CAD  (FT) 

2a2. 

U/C  ( ACTUAL  1 

1.007 

OtA.  (IN) 

1  .50 

MAX  TIP  SPEED 

3*2 . 

HP  SPEED 

132. 

STAGES 

1 

VOL.  FLOW 

85. 

GA78AA 

1.44 

►CAD  COEF 

0.450 

PRESS  RATIO 

ir/ri 

1.00 

FLOW  COEF 

0-200 

PRESS  RATIO 

(T/S) 

1.01 

HORSE*!*** 

8. 

EXIT  MAC*  M8«EX 

0.05 

SPECIFIC  SPEED 

84.42 

SPECIFIC  OIAfCTEX 

1.33 

•  CO  HB8I»C  ■  «  02  PiA4>  ■ 


EFFICIENCY 

(T/T) 

8.807 

EFFICIENCY 

0  703 

EFFICIENCY 

(T/S) 

8.750 

►ORSEPOkCR 

20  7. 

SPEED 

(RPM) 

13123*. 

SPEED  (RPM) 

13I23A. 

►CRSEPIXO 

207. 

SS  SPEED 

23**1  . 

►CAM  0IA 

(IM) 

1 . 77 

S  SPEED 

1  77  7. 

EFF  AREA 

<I«) 

•  21 

►CAD  (FT) 

5*71  . 

U/C  I  ACTUAL  ) 

8.54* 

DIA.  (IN) 

11* 

MAX  TIP  SPEED 

1881. 

TIP  SPEE0 

484. 

STAGES 

1 

VOL.  FLOW 

85. 

GAAWA 

1  .44 

►CAD  COEF 

0.4U 

PRESS  RATIO 

(T/T  ? 

1  OR 

FLOW  COEF 

0.152 

PRESS  RATIO 

(T/SI 

1  .0* 

D! AiCTER  Ratio 

0 . 47* 

EXIT  MACH  M 

xn 

0.08 

8EARHC  ON 

l  . 5  7E  *04 

SPECIFIC  SPEED 

51 . 78 

SHAFT  D1AJCTER 

I  2  00 

SPECIFIC  DIAMETER 

1 .50 

BOODCXArOft  DATA 


COLD  SIDE  *>T  SIX 
OELP  5VX5  AS. *4 

OELT  228.**  -241 .§4 

APtA  9. 14  0.4S 

FL  CM  2. 21  2.23 

EFFECT  I VOCSS  0.31 

NTU  0 . AS 

OAT  10  0.8? 

C«l«  ?.•? 

REGEN  O  2840.03 


TABLE  45.  -  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  15,000  LBF  THRUST  (COPPER  GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PARAMETERS 


CHAPTER  PRESSURE 

1824 .0 

VAC  ENG  INE  THRUST 

15000. 

TOTAL  ENGINE  FLCW  RATE 

31.74 

DEL.  VAC.  ISP 

480. 1 

THROAT  AREA 

4 .02 

N0Z7IX  AREA  RATIO 

1000.0 

NOZ21X  EXIT  PIASTER 

71.58 

ENG IlC  MIXTURE  RATIO 

6.00 

ETA  €• 

0.993 

CHAMBER  COOLANT  OP 

8S4. 

CHAMBER  COOLANT  0T 

567. 

N0Z2LE/CHAMBER  0 

94  08. 

ENGINE  STATION  CttCITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

flow 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

4.47 

-107.5 

4.37 

B.P.  EXIT 

100.  B 

38.5 

4.47 

-103.0 

4.39 

PtRT  IMXT 

100.8 

38.5 

4.47 

-103.0 

4.39 

1ST  STAGE  EXIT 

1839.2 

64.6 

4.47 

10.1 

4.38 

2*®  STAGE  EXIT 

3548.9 

89.3 

4.47 

120.6 

4.40 

PUW>  EXIT 

5238.7 

112.8 

4.47 

228.5 

4.46 

COLO  REGEN  IN 

5186. 4 

113.2 

4.47 

728.5 

4.44 

COLB  RE  GEN  EX 

SI  34 .5 

302.9 

4.47 

957.5 

2.35 

COOLANT  IMXT 

5134. S 

302.9 

4.47 

957.5 

2.35 

COOLANT  EXIT 

4280.1 

870.4 

4.47 

3063. 1 

0.82 

TBV  IMXT 

4237.3 

870.7 

0.22 

3063.1 

0.82 

TBV  EXIT 

2105.1 

884  .8 

0.22 

3063.1 

0.42 

02  TRB  IMXT 

4237.3 

870.7 

4.24 

3063.1 

0.82 

OZ  TRB  EXIT 

3868.6 

855.2 

4.24 

2999.7 

0.77 

H2  TRB  IMXT 

3868.6 

855.2 

4.24 

2999.7 

0.77 

K2  TRB  EXIT 

2222.3 

767.5 

4.24 

2650.7 

0.51 

HZ  TRB  DIFFUSER 

2193.7 

767.7 

4.24 

2650.7 

0.50 

K2  1ST  TRB  IN 

2171.8 

767.7 

4.24 

2650.7 

0.50 

K2  BST  TRB  OUT 

2154.6 

766.6 

4.24 

2646.0 

0.50 

H2  BST  TRB  DIFF 

2147.8 

766.6 

4.24 

2646.0 

0.49 

02  BST  TRB  IN 

2126.3 

766.8 

4.24 

2646.0 

0.49 

02  BST  TRB  OUT 

2117.5 

766.1 

4.24 

2643.4 

0.49 

02  BST  TRB  DIFF 

2115. 7 

766.1 

4.24 

2643.4 

0.49 

K2  TAMC  PRESS 

18.6 

784.8 

0.0046 

2664.4 

0.0045 

GOK  MAT  EXCH  IN 

2105.1 

772.1 

4.46 

2664.4 

0.48 

GOX  NEAT  EXCH  OUT 

2094.6 

771  .8 

4.46 

2663.0 

0.48 

HOT  REGEN  IN 

2094.6 

771  -8 

4.46 

2663.0 

0.48 

HOT  RE  GEN  EX 

2031.8 

567.1 

4.46 

1933.3 

0.62 

fsov  mxr 

2031.8 

567.1 

4.46 

1933.3 

0.62 

FSOV  EXIT 

1981.0 

567.4 

4.46 

1933.3 

0.61 

CHAAMER  INJ 

1961.2 

567.4 

4.46 

1933.3 

0.60 

CHNBOt 

1824.0 

•  OXYGEN  SYSTEM 

CONDI T IONS 

. 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IMXT 

16.0 

162.7 

26.8 

61  .9 

70.99 

B.P.  EXIT 

135.2 

165.3 

7»  .8 

62.3 

70.84 

PIRT  IMXT 

135.2 

145.3 

26.8 

62.3 

70.84 

PUP  EXIT 

2954.0 

179.2 

76.8 

72.4 

71.31 

02  TAME  PRESS 

16.0 

400.0 

0.046 

204.7 

0.  17 

OSOV  IMXT 

2924.5 

179.3 

4.0 

72.4 

71.26 

OSOV  EXIT 

2047.1 

182.7 

4.0 

72.4 

69.90 

OCV  IMXT 

2924.5 

179.3 

72.8 

72.4 

71.26 

OCV  EXIT 

2047.1 

182.7 

22.8 

72-4 

69.90 

CHAMBER  INJ 

2026.7 

187.8 

26.8 

72.4 

69.87 

CHAMBER 

1824.0 

- 

VALVE  DATA  • 

VALVE 

DEL  TA  P 

ARC  A 

FLOW 

*  BYPASS 

TBV 

2132. 

0.01 

0.22 

5 . 00 

FSOV 

51  . 

1.16 

4.46 

OCV 

877. 

0.  14 

7b.  78 

■ 

IvjE  CTOR 

DATA  • 

INJECTOR 

delta  p 

AWf  A 

FLOW 

FUEL 

137. 

C  74 

4.46 

LOK 

203. 

0  !4 

2b.  70 

I M 


TABLE  45.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
-  15,000  LBF  THRUST  (COPPER  GROOVED  CHAMBER)  (CONTINUED) 


■  T  JRBOMACMlhCRV  PERFORMANCE  DATA  ■ 


•  H.'  SC^ST  TURBINE  • 

•  K?  BOOST 

Pipe  « 

EFFICIENCY  (  T/T  ) 

<1.704 

EFFICIENCY 

0  .  7  45 

EFFICIENCY  CT/S) 

O.SI# 

HORSEPOWER 

2#  . 

SPEED  (RPM) 

SII8L 

SPEED  (RPh  ) 

S3  38 3  . 

HE  AN  DU  I  IN) 

1 .44 

S  SPEED 

J 045  . 

EFF  AREA  < In2  > 

2.11 

HEAD  (FT) 

;  70» . 

U/C  (ACTUAL) 

0.4S4 

D 1  A .  (IN) 

1 .8# 

HAK  TIP  SPEED 

4J3. 

TIP  SPEED 

43#. 

STAGES 

I 

VOL .  FLOM 

457  . 

GAHHA 

l  .  3# 

►CAD  COEF 

0.450 

press  ratio  it/tj 

1.01 

FLOW  COEF 

o 

►J 

o 

press  ratio  ct/si 

1. 01 

►orsepcacr 

2#. 

exit  hach  number 

0.07 

SPECIFIC  SPCE0 

ISO. 00 

SPECIFIC  0IA»«TER 

0. 45 

•  M2  TURBINE  • 

■  K?  PU»C 

■ 

STAGE  CPC 

stage  two 

STAGE  TUCK 

EFFICIENCY  (T/TJ 

0.807 

EFFICIENCY 

0.449 

0.452 

0.453 

EFFICIENCY  <T/S> 

0. 784 

HORSEPOWER 

715. 

4##. 

482. 

SPEED  CBPN) 

134*43. 

speed  '.ttrr: 

13434* 

134343. 

134343. 

nun  SEPOYS 

2994 . 

SS  SPEED 

#545. 

►CAN  DIA.  ( IH > 

2.48 

S  SPEED 

7#0 . 

7##. 

804. 

EFF  AREA  ( IN2  > 

0.23 

►Cad  (FT) 

571S7. 

54051 . 

54879. 

U/C  (  ACTUAL. ) 

0.4## 

DIA.  (IN) 

3.17 

3.12 

3.12 

MAX  TIP  SPEED 

1575. 

TIP  SPEED 

1857. 

185  7. 

1857. 

STAGES 

2 

VOL.  FLOW 

458. 

455. 

450. 

GAHHA 

1.3# 

►CAD  COEF 

0.533 

0.523 

0.512 

PRESS  RATIO  (T/T ) 

1.74 

FLOW  COEF 

0.094 

PRESS  RATIO  CT/S) 

1.77 

DIAMETER  RATIO 

0.531 

EXIT  MACH  NUPWER 

0.14 

BEARING  ON 

3 . 00C»04 

SPECIFIC  SPEED 

43.34 

SHAFT  DIAMETER 

22.00 

SPECIFIC  DIAMETER 

1.43 

•  02  BOOST  TURSDC  • 

* 

02  BOOST  PlPC  . 

EFFICIENCY  <T/fl 

0.824 

EFFICIENCY 

0.744 

EFFtCIE»CY  (T/S) 

0.448 

MORSEPIDCR 

15. 

SPEED  (RP*> 

14257. 

SPEED  (»PH ) 

14257. 

MEAN  DIA  (IM) 

4.11 

S  SPEED 

3024. 

EFF  AREA  (IK2) 

2. #7 

HEAD 

(FT  1 

242. 

U/C  (ACTUAL  I 

0.712 

OlA. 

I  IN7 

2.11 

MAX  TIP  SPEED 

2#0 . 

TIP  SPEED 

132. 

STAGES 

1 

VOL. 

FLOW 

170. 

GAMMA 

1.3# 

HEAD  COEF 

0.450 

PRESS  RATIO  <  T/T I 

1.00 

FLON  COEF 

0  200 

PRESS  RATIO  IT/S) 

1.01 

HORSEPOWER 

15. 

EXIT  MACH  NUMBER 

0.04 

SPECIFIC  SPEED 

#•.31 

SPECIFIC  0IA7CTCR 

1.01 

•  02  TURBI*C  ■ 

■  02  PIP<P  • 

EFFICIENCY 

(T/T) 

0.122 

EFFICIENCY 

0.730 

EFFICIENCY 

<T/S> 

0.744 

HORSEPOWER 

380. 

SPEED 

(RPM ) 

#0118. 

SPEED  (RPM) 

#0118. 

MORSEPOCR 

380. 

SS  SPEED 

23201  . 

MEAN  DIA 

UN) 

2.48 

S  SPEED 

1  78  7 

EFF  AREA 

( |M2> 

0.34 

HEAD  (FT  > 

5491  . 

U/C  (ACTUAL) 

0.548 

OlA.  (IN) 

1  48 

MAX  TIP  SPEED 

1044. 

TIP  SPEED 

440. 

STAGES 

1 

VOL.  FLOW 

149. 

GA784A 

I. 3# 

HEAD  COEF 

0.420 

PRESS  RATIO 

<  T/T  1 

1 .10 

FL<M  COEF 

0.  153 

PRESS  RATIO 

<T/S) 

1.10 

DlATCTER  RATIO 

0.480 

EXIT  MACH  NUMBER 

0.0# 

BEARING  ON  ( 

- 44£  » 04 

SPECIFIC  SPEED 

49.91 

SHAFT  OJa/CTER 

14.00 

SPECIFIC  DIAMETER 

l  .57 

rcgeicrator  DAM 


COLO  5 1  DC 
OCLP  SI. 17 

OELT  IS#. 70 

area  oi: 

plow  «.47 

EFFECT IvENESS 
NTU 

CR  AT  10 
CHIN 
REGEN  0 


HOT  SIDE 
42.14 
-204.44 
1  .20 
4.44 

0.31 
0.44 
0.93 
IS. #7 
3257.2# 


18.5 


TABLE  46.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  25,000  LBF  THRUST  (COPPER  GROOVED  CHAMBER) 


EMG I  Nt  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1718.0 

VAC  ENGINE  THRUST 

rsooo . 

TOTAL  ENGINE  FLOW  RATE 

52.08 

DEL.  VAC.  ISP 

480  .  I 

TWOAT  AREA 

7.  1Z 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIA/CTER 

95 . 20 

ENG  I**  MIXTURE  RATIO 

4.00 

ETA  C« 

0.995 

OW«ER  COOLANT  DP 

7  78. 

CHAMBER  COOLANT  DT 

443. 

MOTZLE/CHAMBEP  0 

12628  . 

EMGIfC  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P.  I*0_£T 

18.4 

37.4 

7.45 

-107.5 

4.37 

B.P.  EXIT 

100.4 

38. S 

7.45 

-103.0 

4.39 

PUMP  IH.ET 

100.4 

38.5 

7.45 

-103.0 

4.39 

1ST  STA CT 

1709.0 

58.8 

7.45 

-8.8 

4.49 

Z*®  STAGE  EXIT 

3331 .9 

78.3 

7.45 

85.0 

4.57 

PUW*  EXIT 

4948.4 

97.3 

7.45 

177.8 

4.66 

COLD  REGEN  IN 

4918.8 

97.7 

7.45 

177.8 

4.63 

COLD  RE  GEN  EX 

4849.4 

258.4 

7.45 

763.8 

2.56 

COOLANT  IM_£T 

4849.4 

258.6 

7.45 

763  .8 

2.54 

COOLANT  EXIT 

4091 .5 

701.7 

7.45 

24S9.0 

0.97 

TBV  IfR_ET 

4050.4 

702.0 

0.37 

2459.0 

0.96 

TBV  EXIT 

1982.9 

714.7 

0.37 

2459.0 

0.49 

02  TRB  IfCET 

4050.4 

702.0 

7.08 

2459.0 

0.96 

02  TRB  EXIT 

3444.1 

488.1 

7.08 

2401  .0 

0.90 

K2  TRB  I»CET 

3444.1 

488. 1 

7.08 

2401.0 

0.90 

H2  TRB  EXIT 

2114.3 

414.2 

7.08 

2105.4 

0.60 

HZ  TRB  DIFFUSER 

2079.7 

414.4 

7.08 

2105.4 

0.59 

HZ  BST  TRB  IN 

2058.9 

414.4 

7.08 

2105.4 

0.59 

HZ  BST  TRB  OUT 

2039.0 

413.3 

7.08 

2100.6 

0.58 

K2  BST  TRB  DIFF 

2024.3 

413.4 

7.08 

2100.6 

0.58 

02  BST  TRB  IN 

2004.1 

413.5 

7.08 

2100.6 

0.57 

02  BST  TRB  OUT 

1994.3 

412.8 

7.08 

2098.1 

0.57 

02  BST  TRB  DIFF 

1992.9 

412.8 

7.08 

2098.1 

0.57 

M2  Ta#«  PRESS 

18.4 

428.0 

0.009 7 

21  16.  1 

0.0057 

GOX  ht AT  EXCH  IN 

1982.9 

417.9 

7.44 

2116.1 

0.56 

GOT  tCAT  EXCH  OUT 

1973.0 

417.4 

7.44 

2114.8 

0.56 

K3T  REGEN  IN 

1973.0 

417.4 

7.44 

2114.8 

0.56 

K3T  REGEN  EX 

1913.8 

457.0 

7.44 

1528.0 

0.72 

FSOV  IftXT 

1913.8 

457.0 

7.44 

1528 .0 

0.72 

FSOT  EXIT 

1845.9 

45  7.2 

7.44 

1528.0 

0-71 

OW«ER  IKJ 

184  7.3 

457.3 

7.44 

1528.0 

0.70 

CUMBER 

1718.0 

•  OXYGEN  SYSTEM 

CONDITIONS 

• 

S TAT TON 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

b.p.  inlet 

14.0 

142.7 

44.7 

61  .9 

70.99 

B.P.  EXIT 

135.2 

145.3 

44.7 

62.3 

70.84 

PUR#>  IH.ET 

135.2 

145.3 

44.7 

62.3 

70.84 

PlPB>  EXIT 

2782.4 

177.7 

44.7 

71.5 

71.37 

02  TAME  PRESS 

14.0 

400.0 

0.074 

204 . 7 

0.12 

ccov  i  hen 

2754.5 

177.9 

4.7 

71  .5 

71.33 

OSOV  EXIT 

I92B.2 

181 . 1 

6.7 

71  .5 

70.04 

OCV  IK.ET 

2754.5 

177.9 

37.9 

71  .5 

71.33 

OCV  EXIT 

1928.2 

181.1 

37.9 

71  .5 

70.04 

CHAPCER  IKJ 

1908.9 

181.1 

44.4 

71  .5 

70.01 

CHAMBER 

1718.0 

• 

VALVE  DATA  • 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

TBV 

2068. 

0.02 

0.37 

5.00 

FSOV 

48. 

1  .84 

7.44 

OCV 

824. 

0.23 

44. 64 

• 

Injector 

Data  • 

injector 

DELTA  P 

ARf  A 

FLOW 

FUEL 

129. 

1.17 

7.44 

LOX 

191  . 

0.58 

44 . 44 

ISO 


TABLE  46.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  25,000  LBF  THRUST  (COPPER  GROOVED  CHAMBER)  (CONTINUED) 


•  TuRBOMaChInCRV  PEBFQRWAMCE  DATA  • 


•  KC  BOOST  T(P»9InE  ■ 

•  M2  BOOST 

PIP*  • 

EFFICIENCY 

<  T/T  I 

0814 

£FFICIE*CV 

0-744 

EFFICIENCY 

CT/S) 

0.407 

hORSEPOKR 

40. 

SPEED 

(RPM  J 

41285. 

SPEED  (RPM) 

41205. 

MEAN  DIA 

1  IN) 

1  .44 

S  SPEED 

1048  . 

EFF  AREA 

(  IN?  ) 

5.01 

MEAD  (FT  1 

24tS . 

U/C  (ACTUAL) 

0 .551 

DIA.  (IN) 

2.45 

MAX  TIP  SPEED 

580. 

TIP  SPEEO 

45T. 

STAGES 

1 

VOL.  FLOW 

742. 

GAMMA 

1.45 

KAO  COEF 

0.450 

PRESS  RATIO 

(T/T) 

1  .01 

FLOW  COEF 

0-201 

PRESS  RATIO 

(  T/S  1 

1  .02 

HORSEPOKR 

40. 

EXIT  MACH  NUMBER 

0.11 

SPECIFIC  SPEED 

I4t. 74 

SPECIFIC  DU 

(METER 

0.51 

•  K2  T  UR  8  DC  • 

■  K2  pi p* 

• 

stage  otc 

STAGE  TWO 

STAGE  TKttE 

EFFICIENCY  (T/T) 

0.041 

EFFICIENCY 

0.708 

0.787 

8.704 

EFFICIENCY  CT/S) 

0.820 

HORSEPOeR 

**4. 

987. 

*7*. 

SPEED  (RPM)  I 

125000. 

SPEED  (RPM) 

125008. 

125000. 

125000. 

MORSEP04CR 

2t5t. 

SS  SPEED 

11547. 

MEAN  OIA.  UN) 

2.40 

S  SPEED 

992. 

488  - 

*87. 

EFF  AREA  ( IN2 ) 

0.54 

►CAD  (FT) 

5lt58. 

51522. 

51057. 

U/C  (ACTUAL) 

0.521 

DIA.  (IM) 

1.29 

5.2* 

5.2* 

MAX  TIP  SPEED 

IS5t. 

TIP  SPEED 

1744. 

17*4. 

17*4. 

STAGES 

2 

VOL.  FLOW 

745. 

751. 

718. 

GA*R4A 

I  .45 

KAO  COEF 

0.51* 

0.515 

0.518 

PRESS  RATIO  (T/T) 

1.75 

FLQm  COEF 

0.110 

PRESS  RATIO  (T/S) 

1.77 

□  lAKTOf  RATIO 

0.505 

EXIT  MACM  NUMBER 

0.17 

BEAR  IK)  ON 

S.a0€*04 

SPECIFIC  SPEED 

55.00 

SHAFT  DIAACTER 

24.80 

SPECIFIC  DIA7CTER 

I  -5t 

■  02  BOOST  TUJBIK  • 

02  BOOST  PIP*  « 

EFFICIENCY  (T/T) 

0.874 

EFFICIENCY 

0.744 

EFFICIENCY  (T/S) 

0.750 

HORSEPOWER 

24. 

SPEED  (RPM) 

11043. 

SPEED  (RPM) 

11045. 

MEAN  0 1 A  ( IN) 

4.11 

S  SPEED 

5024. 

EFF  AREA  ( IN2) 

4.54 

HEAD 

(FT) 

242. 

U/C  (ACTUAL) 

0.552 

OIA. 

(  IN) 

2.75 

MAX  TIP  SPEED 

254. 

TIP  SPEED 

152. 

STAGES 

1 

VOL. 

FLOM 

*85- 

GA#*A 

1  .45 

KAO  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.00 

FLOM 

COEF 

0-200 

PRESS  RATIO  (T/S) 

1.01 

HOP  SEP  OCR 

24. 

EXIT  MACM  NUMBER 

0.04 

SPECIFIC  SPEED 

tt .  0  7 

SPECIFIC  DIAJCTEX 

0.84 

•  02  TURBIK  • 

•  02  PUt*  • 

EFFICIENCY  I T/T ) 

0.854 

EFFICIENCY 

0.74? 

EFFICIENCY  (T/Sl 

0.7*1 

HORSCPOkCR 

581. 

SPEED  ( RPM ) 

47555. 

SPEED  (RPM ) 

47555. 

horsepocr 

581. 

SS  SPEEO 

22444. 

MEAN  OIA  (|M) 

2.40 

S  SPEED 

1815. 

EFF  AREA  UK?  7 

0.55 

ACAD  (FT) 

555*. 

U/C  (ACTUAL) 

0.450 

OIA.  (IN) 

2-15 

MAX  TIP  SPEEO 

8  54. 

TIP  SPEED 

455. 

stages 

1 

VOL.  FLCW 

281 . 

GAA84A 

1 .45 

KAO  COEF 

0.424 

PRESS  RATIO  (T/T) 

1 .10 

FLOW  COEF 

9-  154 

PRESS  RATIO  (T/S) 

1  11 

OlAKTCR  RATIO 

0.482 

EXIT  MACH  NUMBER 

0.  10 

BEARING  ON  1 

l  4*E»04 

SPECIFIC  SPEEO 

48 . 44 

SHAFT  OIAKTER 

22.00 

SPECIFIC  01  AFC  TER 

157 

REGENERATOR  CU  TA 


OCLP 
OCLT 

FLOW 
EFFEC  TIVEKSS 
NTU 
COAT  10 
CM  IN 
KtOtH  4 


SIDE 
5* .  I  > 
-140. s: 
1.40 
7.44 

0.51 
0.4? 

1  .  00 
27.15 
.  .0 


COLD  &1.T  MOT 

4$.  It 
U0.it 

o.s: 

7.4* 


IX 


TABLE  47.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  37,500  LBF  THRUST  (COPPER  GROOVED  CHAMBER) 


ENGlfC  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1M2 . 0 

VAC  ENG INE  THRUST 

J7S00. 

total  engine  flow  rate 

78.12 

DEL.  VAC.  ISP 

^80.0 

T>«QAT  AREA 

11  .37 

NOZZLE  AREA  RATIO 

1000.0 

NOZZLE  EXIT  DIAMETER 

120.54 

FNCIM.  MIXTURE  RATIO 

6.00 

ETA  C* 

0.995 

CHAMBER  COOLANT  OP 

694. 

CHAMBER  COOLANT  DT 

375 . 

NOZZLE /CHAMBER  Q 

16426. 

ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEW* 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IFCET 

18.6 

37.4 

11.18 

-107.5 

4.37 

B.P.  EXIT 

100.9 

38.5 

11.18 

-103.0 

4.39 

PCPe  IKtET 

100.9 

38.5 

11.18 

-103.0 

4.39 

1ST  STAGE  EXIT 

1675.9 

57.2 

11.18 

-13.9 

4  .52 

2*®  STAGE  EXIT 

3279.3 

75.2 

11.18 

75.0 

4.63 

PIW*  EXIT 

4908.3 

92.7 

11.18 

163.7 

4.72 

COLD  REGEN  IN 

4859.2 

93.1 

11.18 

163.7 

4.70 

COLD  RECEN  EX 

4810.6 

226.8 

11-18 

629.7 

2.8! 

COOLANT  IWXT 

4810.6 

226.8 

11.18 

629.7 

2.81 

COOLANT  EXIT 

4116.6 

601.4 

11.18 

2099.3 

1. 11 

TBV  IMJET 

4075.4 

601.7 

0.56 

2099.3 

1.10 

TBV  EXIT 

1860.5 

613.9 

0.56 

2099.3 

0.53 

02  TRB  IMJET 

4075.4 

601.7 

10.62 

2099.3 

1.10 

02  TRB  EXIT 

3662.2 

589.5 

10.62 

2046.1 

1.02 

M2  TRB  iM-ET 

3662.2 

589.5 

10.62 

2046.1 

1.02 

K2  TRB  EXIT 

2006.9 

521.2 

10.62 

1765.3 

0.67 

M2  TRB  DIFFUSER 

1966.7 

521-4 

10.62 

1765.3 

0.65 

K2  SST  TRB  IN 

1947.0 

521.4 

10.62 

1765.3 

0.65 

K2  BST  TRB  OUT 

1924.3 

528.5 

10.62 

? 760.5 

0.64 

H2  SST  TRB  BIFF 

1901.6 

520.4 

10.62 

1760.5 

0.64 

02  BST  TRB  IN 

1882.6 

520.4 

10.62 

1760.5 

0.63 

02  BST  TRB  OUT 

1871.8 

519.8 

10.62 

1758.0 

0.63 

02  BST  TRB  BIFF 

1869.9 

519.8 

10.62 

1758.0 

0.63 

K2  TAMC  PRESS 

18.6 

532.0 

0.0169 

1775.0 

0.0066 

GOX  (CAT  EKN  IN 

1860.5 

524.5 

11.16 

1775.0 

0.62 

GOX  MEAT  EXCH  OuT 

1851.2 

524.2 

11.16 

1773.7 

0.62 

NOT  REGEN  IN 

1851.2 

524.2 

11.16 

1773.7 

0.62 

HOT  RE GEM  EX 

1795.7 

399.3 

11  .  16 

1307.0 

0.78 

FSOV  IFCET 

1795.7 

399.3 

11.16 

1307.0 

0. 78 

FSW  EXIT 

1750.8 

399.4 

11.16 

1307.0 

0.76 

CHAMBER  IMJ 

1733.3 

399.5 

11.16 

1307.0 

0.75 

CMMOER  1612.0 


■  OXYGEN  SYSTEM  CONDITIONS  " 


STATION 

PRESS 

TEW> 

FLOW 

ENTHALPY 

DENSITY 

BP.  INLET 

16.0 

162.7 

67.1 

61  .9 

70.99 

B.P .  EXIT 

13S.2 

165.3 

67.1 

©2.3 

70.84 

PlM*  IM-ET 

135.2 

165.3 

67.1 

62.3 

70.84 

P IPO*  EXIT 

2610.7 

176.6 

67.1 

70.8 

71 .40 

02  TAMC  PRESS 

16.0 

400.0 

0.1  14 

204.7 

0.12 

OS OV  IM.ET 

2S84.6 

176.7 

10.0 

70.8 

71.36 

OSOV  EXIT 

1809.2 

179.6 

10.0 

70.8 

70.14 

OCV  IM-ET 

2584.6 

176.7 

56.9 

70.8 

71.36 

OCV  EXIT 

1809.2 

179.6 

56.9 

70.8 

70.14 

CHAfttER  I Mi 

1791.1 

179.7 

67.0 

70.8 

70.  12 

CHAMBER 

1612.0 

• 

VALVE  DATA  • 

VALVE 

OELTA  P 

area 

FLOW 

X  BYPASS 

TBV 

2215. 

0.02 

0.5© 

5.00 

FSOV 

45. 

2.75 

11.16 

OCV 

775. 

0.36 

66 . 96 

• 

INJECTOR 

DATA  • 

INJECTOR 

OELTA  P 

4?CA 

FLOW 

r  Uti 

121  . 

1.75 

1116 

LOX 

179. 

0.89 

6».  ’6 

1XX 


TABLE  47.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
-  37,500  LBF  THRUST  (COPPER  GROOVED  CHAMBER)  (CONTINUED) 


•  TijRBOMAOIKRV  PERFORMANCE  DATA  • 


•  h:  BOOST  TLRBIK  «  •  K2  BOOST  PUMP  ■ 


EFFICIENCY 

(T/Tl 

0./95 

EFFICIENCY 

0. 7  f  5 

EFFICIENCY 

(  T/S) 

0.  sss 

HORSEPOWER 

72. 

SPEED 

(RPM) 

3375*. 

SPEED  (RPM) 

3  3  75* . 

MEAN  01  A 

(  IN) 

I  .  A* 

S  SPEED 

:o4s. 

EFF  AREA 

(  IK2) 

4.01 

►CAD  (FT  I 

2702. 

U/C  1  actual) 

0.43* 

DIA.  UN) 

2  .  *8 

MAX  TIP  SPEED 

324. 

TIP  SPEED 

44Q. 

ST ACES 

1 

VOL.  FLOW 

I  143. 

GAMMA 

1.3* 

MEAD  COEF 

0.4SO 

press  ratio 

(T/T) 

1 .01 

FLOW  COEF 

0.201 

PRESS  RATIO 

(T/Sl 

1.01 

HORSEPOWER 

72. 

EXIT  MACH  NUMBER 

0.1* 

SPECIFIC  SPEED 

123. 7B 

SPECIFIC  DIAMETER 

0.40 

•  M2  TURB1K  • 

•  K2  PU* 

- 

STAGE  OK 

STAGE  TWO 

STAGE  THREE 

EFFICIENCY  (T/T) 

0 .870 

EFFICIENCY 

0.730 

0.728 

0.727 

EFFICIENCY  C  T/S) 

0.155 

HORSEPOWER 

1405. 

1*07. 

1402. 

SPEED  (RPM) 

1071*5. 

SPEED  (RPM) 

107145. 

1071*5. 

107143. 

HORSEPOKR 

4218. 

SS  SPEED 

11885- 

MEAN  DIA.  UN) 

2.  *3 

S  SPEED 

1058. 

10*9. 

1042. 

EFF  AREA  ( IM2) 

0.51 

HEAD  (FT) 

50551. 

50407. 

501*1 . 

U/C  (ACTUAL) 

0.51* 

DIA.  UN) 

3.75 

3.75 

3.79 

MAX  TIP  SPEED 

1493. 

tip  speed 

1775. 

1775. 

1775. 

STAGES 

2 

VTJL.  FLOW 

1  no. 

1084. 

10*2. 

GAMMA 

1.3* 

HEAD  COEF 

0.517 

0.515 

0.512 

PRESS  RATIO  (T/T) 

1.82 

FLOW  COEF 

0.1 14 

PRESS  RATIO  (T/S) 

1.9? 

OlAMETER  RATIO 

0.400 

EXIT  MACH  NUMBER 

0.18 

BEAR  I  Kl  CM 

S.QOC'Oa 

SPECIFIC  SPEED 

57.5* 

Shaft  oiakter 

28.00 

SPECIFIC  DIAMETER 

I.JJ 

*  02  BOOST  TUT91NE  * 

" 

02  BOOST  PI*#*  • 

EFFICIENCY  (T/T) 

0.873 

EFFICIENCY 

0.7*4 

EFFICIENCY  (T/SI 

0.705 

MORSEFCKR 

39. 

SPEED  (RPM) 

501*  - 

SPEED  (RPM) 

901*. 

KAN  DIA  (  IN) 

4.11 

S  SPEED 

302*. 

EFF  AREA  ( IM7) 

5.00 

KAO 

(FT) 

242. 

U/C  (ACTUAL) 

0  .*50 

DIA. 

(  IN) 

3.34 

MAX  TIP  SPEED 

157. 

TIP  SPEED 

132. 

STAGES 

1 

WL 

FLOW 

425.  ‘ 

GAMMA 

1.3* 

►CAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.200 

press  ratio  <t/si 

1.0V 

HORSEPOKR 

35. 

EXIT  MACH  NUMBER 

0.0* 

SPECIFIC  SPEED 

51.8* 

SPECIFIC  DIAMETER 

0.77 

■  or  tups  ik  ■  •  02  pi***  • 


EFFICIENCY 

IT/Tl 

0.853 

EFFICIENCY 

0.7*0 

EFFICIENCY 

(T/S) 

0.77B 

HORSEPOKR 

000. 

SPCEO 

(RPM) 

533*2. 

SPEED  (RPM) 

533*2. 

HORSEPCKR 

808. 

SS  SPEED 

21723. 

MEAN  DU 

UNI 

2.93 

S  SPEED 

18*5. 

EFF  AREA 

(  JK2 1 

0.73 

KAO  (FT) 

*991. 

U/C  (ACTUAL) 

0.417 

DIA.  (IN) 

2.  *2 

MAX  TIP  SPEED 

7*5- 

TIP  SPEED 

*10. 

STAGES 

I 

VOL.  FLOW 

*22. 

GAMMA 

1.3* 

KAD  COEF 

0  431 

press  Ratio 

(T/T) 

1.11 

FLOW  COEF 

0.155 

press  ratio 

(T/S) 

1.12 

OIAKTER  RATIO 

0.483 

EXIT  MACH  NUMBER 

0.11 

REARING  ON 

1 . 39E  *0* 

SPECIFIC  SPEED 

*5.99 

SHAFT  DIAMETER 

24.00 

SPECIFIC  DIAMETER  1.14 


RCGCKRATOR  DATA 


OELP 
DEL  T 
AREA 
FLOW 
EFFECT  I VEKSS 
MTU 

CRATIO 
C«|M 
OEGCM  Q 


HOT  SIDE 
55.54 
-124.85 
2. BO 
11.1* 

0.31 

0.** 

0.9J 

so. 95 

5207.88 


COLO  SIDE 
*0.59 
131.71 
f .  17 
II.  IB 


1X9 


TABLE  48.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
—  50,000  LBF  THRUST  (COPPER  GROOVED  CHAMBER) 


ENGINE  PERFORMANCE  PAP  ALTERS 


CHAMBER  PRESSURE  ISOo.O 
VAC  ENGIfC  THRUST  S0000. 
TOTAL  ENGINE  FLOW  RATE  106.16 
DEL-  VAC.  ISP  680.0 
TMTOAT  AREA  lb. 2 3 
NOZZLE  AREA  RATIO  1000.0 
NOZZLE  EXIT  DIAMETER  163.76 
EMilfC  MIXTURE  RATIO  6.00 
ETA  C"  0.993 
CHAMBER  COOLANT  DP  601. 
CHAMBER  COOLANT  DT  J3S. 
NOZZLE/CHAMBER  0  19860. 


ENGINE  STATION  CONDITIONS 


•  FUEL  SYSTEM  COWIT  IONS  » 


STATION 

PRESS 

TEM> 

B.P.  INLET 

18.4 

37.4 

B-P.  EXIT 

100.8 

38.5 

PUT  INLET 

100.8 

38.5 

1ST  STAGE  EXIT 

1534. 4 

54.5 

2«  STAGE  EXIT 

3004.4 

69.8 

PW*>  EXIT 

6508.6 

86.9 

COLD  REGEN  IN 

6643.4 

85.3 

COLD  REGEN  EX 

4618.7 

205.3 

COOLANT  IM-ET 

6618.7 

205.3 

COOLANT  EXIT 

3817.7 

560.3 

TBV  IMXT 

3779.5 

560.5 

TBV  EXIT 

1738.1 

550.3 

02  TRB  IK.ET 

3779. S 

560.5 

02  TRB  EXIT 

3601.4 

529.1 

M2  TRB  IWET 

3601.4 

529.1 

H2  TRB  EXIT 

1900.4 

648.3 

K2  TRB  DIFFUSER 

1855.0 

648.5 

KZ  BST  TRB  IN 

1834.4 

648.5 

M2  BST  TRB  OUT 

1811.9 

647.4 

H2  BST  TRB  DIFF 

1778.7 

447.5 

02  BST  TRB  IN 

1740.9 

447.6 

02  BST  TRB  OUT 

1749.4 

464.9 

02  BST  TRB  DIFF 

1744.8 

444.9 

K2  TAML  PRESS 

18.4 

<74.8 

GGX  MEAT  EXCH  IN 

1738.1 

671 .0 

GOX  ICAT  EXCH  OUT 

1729.4 

470.7 

HOT  REGEN  IN 

1729.4 

470.7 

HOT  REGEM  EX 

1677. S 

345.3 

FSOV  IM-ET 

1677.5 

345.3 

FSOV  EXIT 

1635.6 

345.4 

CHAMBER  INJ 

1619.2 

345.4 

CHA«ER 

1504.0 

FLOW 

enthalpy 

DENSITY 

14.91 

-107.5 

4.37 

14.9! 

-103.0 

4.39 

14.91 

-103.0 

4.39 

14.91 

-24.6 

4.54 

14.91 

54.0 

4.66 

14.91 

132.6 

4.76 

14.91 

132.6 

4.74 

14.91 

536.0 

2.88 

14.91 

536.0 

2.88 

14.91 

1867.0 

1.14 

0.75 

1867.0 

1.13 

0.75 

1867.0 

0.55 

14.14 

1867.0 

1.13 

14.14 

1818.0 

1.05 

14.14 

1818.0 

1.05 

14.14 

1570.1 

0.70 

14.14 

1570.1 

0.69 

14.16 

1570.1 

0.69 

14.14 

1565.3 

0.67 

14.14 

1565.3 

0.66 

14.14 

1545.3 

0.66 

14.14 

1562.7 

0.65 

14.14 

1562.7 

0.65 

0.0250 

1578.0 

0.0074 

14.88 

1 5  78 . 0 

0.64 

14  .88 

1576.6 

0.64 

14.88 

IS  76 . 6 

0.64 

14.88 

1172.5 

0.79 

14.88 

1172.5 

0.79 

14.88 

1172.5 

0.78 

14.88 

1172.5 

0.77 

•  OXYGEN  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEM> 

FLOW 

ENTHALPY 

density 

B.P.  IM-ET 

14.0 

162.7 

89.4 

61.9 

70.99 

B.P.  EXIT 

135.2 

165.3 

89.4 

62.3 

70.84 

PUW*  INLET 

135.2 

165.3 

89.4 

62.3 

70.84 

Pl#*»  EXIT 

2439.0 

175. 5 

89.4 

70.1 

71.59 

02  TAMC  PRESS 

14.0 

400.0 

0.152 

204.7 

0.12 

OSOV  IM-ET 

2414.4 

175.4 

13.4 

70.1 

71.36 

OSOV  EXIT 

1690.2 

1  78.4 

13.4 

70.1 

70.22 

OCV  IM.ET 

2414.6 

175.6 

75.9 

70.1 

71.34 

OCV  EXIT 

1690.2 

I  78.< 

75.9 

70.1 

70.22 

CHAfOER  INJ 

1673.3 

178  .4 

89.3 

70.1 

70.19 

CHA«R 

1506.0 

• 

VALVE  DATA  « 

VALVE 

OELTA  P 

AREA 

FLOW 

X  BVPASS 

TBV 

204  1. 

0.03 

0.75 

5.00 

FSOV 

42. 

3.75 

14 .88 

OCV 

724. 

0.50 

89 .28 

• 

INJECTOR 

DATA  * 

INJECTOR 

DELTA  p 

AREA 

FLOW 

FUEL 

113. 

2.  IB 

14.88 

LOX 

167. 

1  .23 

8  9  T8 

190 


TABLE  48.  —  FULL-EXPANDER  ENGINE  WITH  HYDROGEN  REGENERATOR 
-  50,000  LBF  THRUST  (COPPER  GROOVED  CHAMBER)  (CONTINUED) 


*  TUR80HACMl»CRY  PERFORMANCE!  OAT*  • 


•  M2  BOOST  TlRtB  I ME  • 

•  K2  BOOST 

PIP*  • 

EFFICIENCY  ( T/T  ) 

0.770 

EFFICIENCY 

0.7*5 

EFFICIENCY  (T/S) 

0.272 

HORSEPOWER 

4*. 

SPEED  (RPM1 

2422*. 

SPEED  (RPN) 

2422* . 

MEAN  0 1  A  (  IN) 

1  .44 

S  SPEED 

5045 . 

EFF  AREA  1  JN2) 

5.02 

mEaO  (FT) 

2701  . 

U/C  (ACTUAL) 

0.17* 

DIA.  (IN) 

5.44 

MAX  TIP  SPEED 

240. 

TIP  SPEED 

459. 

STAGES 

1 

VOL.  FLOW 

)  524 . 

GAMMA 

1.58 

MEAD  COEF 

0.450 

PRESS  RATIO  (T/T) 

1.01 

FLOW  COEF 

0.20) 

PRESS  RATIO  (T/S) 

1.04 

HORSEPOWER 

9*. 

EXIT  MACH  NUMBER 

0.17 

SPECIFIC  SPEED 

105. II 

specific  Diameter 

0.4* 

•  M2  TURBINE  * 

•  K2  Pit* 

■ 

STAGE  C»C 

STAGE  TMO 

stage  twice 

EFFICIENCY  (T/T) 

0.885 

EFFICIENCY 

0.754 

0.7S2 

0.750 

EFFICIENCY  (T/S) 

0.842 

hORSCPONCR 

1*55. 

1*5*. 

1*58. 

SPEED  (RPM) 

) 00000 . 

SPEED  (RPM) 

I808Q0. 

1 00000 . 

100000. 

mORSCPOCR 

44*7. 

SS  SPEED 

12815. 

►CAN  DIA.  (  IN) 

5.08 

S  SPEED 

1225. 

1208. 

1  14*. 

EFF  AREA  (  INC) 

0.44 

HEAD  (FT) 

45457. 

45452. 

45845. 

U/C  (ACTUAL) 

0.540 

01  A.  (IN) 

5.95 

5.45 

5.45 

MAX  TIP  SPEED 

1484. 

TIP  SPEED 

1718. 

1718. 

1718. 

STAGES 

2 

VOL.  FLO* 

1472. 

145*. 

1405. 

GANVU 

1.58 

►CAD  COEF 

8.501 

0.501 

0.500 

PRESS  RATIO  (T/T) 

1.74 

FLOW  COEF 

0.124 

PRESS  RATIO  (T/SI 

1  .85 

DIAMETER  ratio 

0.441 

EXIT  MACH  NUMBER 

0.20 

BEARIHJ  ON 

5.00C-0* 

SPECIFIC  SPEED 

**.54 

SHAFT  DIAMETER 

50.00 

SPECIFIC  OIANCTER 

1.22 

•  02  BOOST  TlMflNC  ■  ■  02  BOOST  PUN*  ■ 


EFFICIENCY  (T/T) 

0.8*5 

EFFICIENCY 

•  ••• 

0.7** 

EFFICIENCY  (T/Sl 

0 .  *52 

MORSEFOCR 

52. 

S PEED  (RPM 7 

7808 . 

SPEED  IRPN) 

7808 . 

►CAN  DIA  (  IN) 

4.11 

S  SPEED 

502*. 

EFF  AREA  ( INC  ) 

7.50 

MEAD  (FT) 

2*2. 

U/C  (ACTUAL  I 

0.  J40 

DIA.  (IN) 

5.8* 

MAX  TIP  SPEED 

17*. 

TIP  SPEED 

152. 

stages 

1 

VOL. 

5*7. 

Gamma 

1.58 

►CAD  COEF 

0.45© 

PRESS  RATIO  (T/T) 

1.0) 

FLOW  COEF 

8.200 

PRESS  RATIO  ( T/S 1 

1.01 

HORSEPOWER 

52. 

EXIT  MACH  NUMBER 

0.05 

SPECIFIC  SPEED 

84.9* 

SPECIFIC  01  A/C  TER 

0.71 

•  02  T  l*  81  EC  a  «  02  PUN*  ■ 


EFFICIENCY 

(T/T) 

0.887 

EFFICIOCY 

0.7*4 

EFFICIENCY 

(T/S) 

0.852 

HORSEFOCR 

482. 

SPEED 

(RPM  ) 

4471*. 

SPEED  (RPNI 

44714. 

NORSCPOCR 

482. 

SS  SPEED 

21014. 

►CAN  01 A 

(IN) 

5.08 

S  SPEED 

1885. 

EFF  AREA 

(INC) 

1.81 

NCAD  (FT) 

4*45. 

U/C  (ACTUAL) 

8.541 

OtA.  (IM) 

5. 81 

MAX  TIP  SPEED 

*74. 

TIP  SPEED 

587. 

STAGES 

2 

VOL.  R.O* 

5*2. 

GAMMA 

1.58 

NCAD  COEF 

8.454 

PRESS  RATIO 

(T/T) 

I. It 

flow  COEF 

8.157 

PRESS  RATIO 

(T/SI 

1.12 

OlAiCTER  RATIO 

0 .  *84 

EXIT  MACH  NUMBER 

0.04 

BEAR  INC  DM 

I.S4C-0* 

SPECIFIC  SPEED 

78.07 

SHAFT  DtMCTER 

50.00 

specific  oia/cter  i.o* 


REGENERATOR  DATA 


COLO  SlOt  MOT  StOC 
OCLP  t(.W  Si. 88 

OCLT  118.92  -105.54 

AREA  1.87  1.78 

FLOM  I A  .91  I* .88 

EFFECT 1V€  NESS  0.51 

MTU  0 . 44 

Cft AT  10  0.88 

CHIN  SO.  14 

«CG€h  Q  *812.47 
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APPENDIX  C 
THROTTLED  CYCLES 

Throttled  cycle  data  are  presented  in  Tables  49  through  56. 
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TABLE  49. 

— 

ADVANCED 

ENGINE 

PARAMETRIC  STUDY  SPLIT-EXPANDER 

ENGINE  100 

%  OF  DESIGN  THRUST  LEVEL 

ENGINE  PERFORMANCE  PARAMETERS 

■  >*( 

CHAMBER  PRESSURE 

1612.0 

VAC 

ENGINE  THRUST 

20000. 

DEL 

.  VAC.  ISP 

480. 0 

TOTAL  ENGINE  FLOW  RATE 

<1.7 

THROAT  AREA 

6.066 

NOZZLE  AREA  RATIO 

1000.8 

ENGINE  MIXTURE 

RATIO 

6.00 

CHAMBER /NOZZLE 

COOLANT 

DP 

583. 

CHAMBER /NOZZLE 

COOLANT 

DT 

1018. 

ETA 

C- 

0.993 

CHAMBER /NOZZLE 

0 

11190. 

ENGINE 

STATION 

CONDITIONS 

*  FUEL  0  STEM  CCNOI T  lOfcTS  • 

STATION 

PRESS 

’CMD 

FLCW 

ENTHALPY 

DENSITY 

b.p.  inlet 

18.  b 

27.4 

5.96 

-107.5 

4.37 

B.P.  EXIT 

100.9 

28.5 

5.96 

-103-0 

4.39 

PUMP  INLET 

100.9 

28-5 

5-96 

-  103.0 

4 .39 

1ST  STAGE  EXIT 

2177.3 

70-2 

5.96 

34.1 

4.3» 

JBV  INLET 

2132.8 

70.7 

2. *8 

34.1 

4.32 

JBV  EXIT 

1813.9 

7  2  .  1 

2.08 

24.1 

4.11 

2ND  STAGE  EXIT 

2487  .5 

<*0.9 

2.98 

123.8 

4.35 

PUMP  EXIT 

4762.3 

110.4 

2-98 

218.3 

4.37 

COOLANT  INLET 

4714.6 

110.8 

2.98 

210.3 

4.35 

COOLANT  EXIT 

4131.0 

I I 28 . 8 

2.98 

3965.9 

0.63 

TBV  INLET 

4090.3 

.129  .  i 

0.15 

2965.9 

0.62 

TBV  EXIT 

1899 . 9 

114*. 8 

0.15 

2965.9 

0.30 

LOX  TRB  INLET 

4J90. 3 

'.  129.  1 

2.83 

2965.9 

0.62 

LOX  TRB  EXIT 

3612.5 

1101.3 

2.83 

2856.6 

0.57 

M2  TRB  INLET 

3612.5 

1101.3 

2.83 

2856.6 

0.57 

M2  TRB  EXIT 

2011  .4 

o7o.9 

2.83 

2282.6 

0.37 

H2  TRB  DIFF 

1<»90.1 

077  .  1 

2.83 

3282.6 

0.36 

H2  BST  TRB  IN 

1970.2 

0  7  7,2 

2.83 

3382.6 

0.26 

H2  BST  TRB  EXIT 

1947.4 

0  74,6 

2  .S3 

3373.1 

0.36 

H2  BST  TRB  DIFF 

1942.5 

°74.  ? 

2.83 

3373.1 

0.36 

02  BST  TRB  IN 

1922.1 

0  74,8 

2.83 

3273. 1 

0.35 

02  bST  TRB  EXIT 

1911.2 

073.4 

2.83 

3367.9 

0.35 

02  BST  TRB  DIFF 

1910.4 

073.4 

2.83 

3367.9 

0.35 

H2  TANK  PRESS 

18.6 

005 . 3 

0 .0848 

2398.0 

0.0035 

GOX  HEAT  EXCH  IN 

jgqo  0 

082. 1 

2.97 

23*8 . 0 

0.35 

GOX  HEAT  EXCH  OUT  1890.4 

a8  1  . 4 

2.07 

3395.2 

0.25 

MIXER  HOT  IN 

1890.4 

081  .4 

2-97 

2395.2 

0.35 

MIXER  COLD  IN 

1813.° 

72.  1 

2.08 

24. 1 

4.11 

MIXER  OUT 

I  ?«5.8 

*38.0 

5.95 

1713.8 

0.62 

FSV  INLET 

i 7°5 . 8 

5C8.0 

5.95 

1713.8 

0.62 

FSV  EXIT 

1750.9 

508.2 

5.05 

1713.8 

0.60 

CHAMBER  1NJ 

1722.4 

508.2 

5.95 

1713.8 

0.60 

CHAMBER 

1612.0 

«  OXYGEN  SVSTEM 

CONDITION- 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

OENSI TY 

B.P.  INLET 

lo.O 

I  0  2.7 

25.77 

•  I.I 

71  .  I  7 

B.P.  EXIT 

125.Z 

-  »2 . 2 

>  .77 

»1.5 

7  1.20 

PUMP  INLET 

125.2 

0  2 . 2 

25.7  7 

•  1.5 

71.20 

PUMP  EXIT 

2612.  I 

:  74. 9 

25.77 

70.1 

71  .  b5 

02  TANK  PRESS 

16.0 

-00 . 0 

9.D6 

204.8 

0.  12 

POSV  INLET 

2586.0 

•.75.0 

5.17 

70.1 

71.61 

POSV  EXIT 

1705.0 

'.'9.0 

5.17 

70.1 

70.28 

CCV  INLET 

258o . 0 

-  75.0 

20.55 

70.  1 

71 .61 

OCV  EXIT 

1811.7 

.*8.0 

2  0 .55 

70.1 

70.4  1 

PRIMARY  INJ 

1  762.  1 

:  ’3 .2 

5.17 

70.  1 

70.22 

SECONDARY  INJ 

l  7  75.2 

’9.1 

:0.5s 

70.  1 

70.25 

CHAMBER 

lt»12 .0 

.41  v£  TATA 

VALVE 

2ELTA  p 

•SFA 

faCW 

L  BYPASS 

JBV 

;8 . 

'  •  120 

2.98 

49.98 

TBV 

: :  »o . 

'  .  309 

3.15 

5.02 

pSV 

•  S 

.  ^5  3 

5.95 

=>osv 

■  ;c . 

‘ .  322 

5.17 

OCV 

-  -4. 

; .  104 

20.55 

"SR  DATA 

•  CUEL 

. 

•  OX  ID  • 

•  :  - 

4PY 

SECOND 

DELP  MAN  IS. 

20 

*3 

18.14 

DELP  INJ  103. 

18 

3  7 

0  2 . 2 1 

AREA 

14 

3 

3.43 

PLOW  5  . 

95 

:  0 . 55 
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TABLE  49.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  SPLIT-EXPANDER 

ENGINE  100%  OF  DESIGN  THRUST  LEVEL  (CONTINUED) 


■  TURBOMACMDCPY  PERFORMANCE  DATA  • 


•  H2  BOOST  TURBltC  • 


EFFICIENCY  0.857 

HORSEPOWER  »• 

SPEED  (RPM)  4 6158. 

AN  DIA  UN)  1-90 

EFF  AREA  UN2)  I. AS 

U/C  UDEAL)  0 .512 

MAX  TIP  SPEED  282. 

STAGES  1 • 

~ElTa  M  (ACT)  «.5b 

GAMMA  I. A3 

PRESS  RATIO  (T/T  )  ! .01 


•  K2  BOOST  PUMP 

• 

■  MMiaa 

«• 

EFFICIENCY 

8.745 

MORSEPCACR 

38. 

SPEED  (RPM) 

64158. 

S  SPEED 

3839 

MEA0  (FT) 

2705. 

DIA.  (IN) 

...  18 

TIP  SPEED 

459. 

VOL.  FLOW 

409. 

HEAD  CCEF 

0-452 

FLOW  COEF 

0.201 

•  M2  TURBINE  • 


STAGE  * 


EFFICIENCY  0 .80S 
mORSEPOWER  950. 
SPEED  (RPM)  124983. 
HE AN  DIA  IIN)  3.A7 
EFF  AREA  UN2)  0.21 
J/C  UDEAL)  0.493 
MAX  TIP  SPEED  1895. 
DELTA  H  237. 
GAMMA  (ACT)  1.A3 
PRESS  RAT  1 0 C T/T  1 . 32 


■  02  BOOST  TURBINE  • 


*  M2  P\t*  ■ 


;tage  2 

s 

tage  aw 

STAGE  TWO 

STAGE  THREE 

• 

0.808 

EFFICIENCY 

0.447 

0.421 

0.b24 

«68  . 

HORSEPOWER 

I  155. 

2  78. 

345 . 

•6983. 

SPEED  (RPM) 

1249*5- 

124*83 . 

124983. 

3.67 

S  SPEED 

751. 

730. 

744. 

3.24 

HEAD  (FT) 

4864?. 

65325. 

62101 . 

0.696 

DIA.  UN) 

3-*9 

3.02 

3.02 

18'S. 

TIP  SPEED 

2017. 

1467. 

1447. 

237. 

VOL.  FLOW 

415. 

207. 

206. 

1.6J 

HEAD  COEF 

0.544 

0.514 

0.499 

1  .3S 

FLOW  CCEF 

0.892 

0.092 

0.09J 

« < ■•«••••••«••••• 

•  02  BOOST  PUMP  • 


EFFICIENCY  0.85« 

HORSEPOWER  21. 

SPEED  (RPM)  1232A. 

-EAN  DIA  UN)  S.2  3 

EPF  AREA  UN2)  2-32 

j/C  (IDEAL)  0.S12 

-AX  TIP  SPEED  280. 

2TAGES 

IlLTA  M  (ACT)  s. :s 

'ANNA  1--3 


EFFICIENCY 

0.744 

HORSEPOWER 

21  . 

SPEED  (RPM) 

12524. 

S  SPEED 

3026  . 

hEAC  (FT) 

241  . 

DIA.  (IN) 

2.44 

TIP  SPEED 

131. 

vc.  .  flow 

224 . 

~£mD  CCEF 

0.451 

FI  CM  COEF 

0.200 

’OESS  RAT  10  ( T/T  )  \  " 


•  02  TURBINE  ■ 


•  o: 


pur  • 


:  F  I C  I ENCV  0  .Bno 

-  OR SEP OWE R 

•FED  (RPM)  7A 00b. 

-EAH  DIA  ( IN)  3.4 7 

-PF  AREA  (  IN2  )  3. 25 

'C  (IDEAL)  0.633 

-ax  tip  speed  1122. 

. T  aGE  S 

ELTA  H  ( act  )  109.: 7 

.AMMA  1.-3 


«ESS  RATIO  f  T/T 1 


EKP  I 2  lENCY  0.760 

HORSEPOWER  <•  38 . 

3?EED  i  RPM )  74008. 

*.  SPEED  1870. 

~fAD  (FT)  6974- 

SI  A .  I  IN)  l-*0 

':p  speed  *15. 

f  P.L  .  PLOW  226. 

-E  AC  C-SEF  0-62  3 

' LSw  CGEF  0.157 
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TABLE  50, 


ADVANCED  ENGINE  PARAMETRIC  STUDY  SPLIT-EXPANDER 
ENGINE  50%  OF  DESIGN  THRUST  LEVEL 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBEP  PRESSURE 

801  .o 

VAC  engine  thrust 

10000. 

DEL.  VAC.  ISP 

A  7  9 . 7 

TOTAL  ENG.  'E  FLOW  RATE 

20.8 

THROAT  AREA 

6 . 066 

NOZZLE  AREA  RATIO 

1000.0 

ENGINE  HiXTURE  RATIO 

6.00 

CHAMBER/NOZZLE  COOLANT 

DP 

5A7. 

CHAMBER /NOZZLE  COOLANT 

DT 

730. 

ETA  C" 

0.993 

CHAMBER /NOZZLE  0 

63A0. 

ENGINE 

STATION 

CONDITIONS 

■  FUEL 

SYSTEM  CONDITIONS  ■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  INLET 

18.6 

37. A 

2  .  *8 

-107.5 

8 . P .  EXIT 

66.0 

38.2 

2  .  *8 

-  10A.5 

pump  inlet 

66.0 

38.2 

2.98 

-10A.5 

1ST  STAGE  EXIT 

13*5  6 

60.5 

2. *8 

-  13.0 

JBV  INLET 

13A3.A 

60.6 

0-®6 

-13.0 

JBV  EXIT 

908.0 

b3 . 3 

0 . 06 

-13.0 

2ND  STAGE  EXIT 

1998  7 

71  .A 

2.33 

33.1 

PUMP  EXIT 

2627.5 

81.8 

2.33 

77 . 3 

COOLANT  INLET 

2597.6 

82.0 

2.33 

77.3 

COOLANT  EXIT 

2050.2 

811.8 

2.33 

2803.9 

TBV  INLET 

20 1 A  .  9 

812.0 

0.71 

2803.9 

TBV  EXIT 

997.3 

.  i 

0.71 

2803.9 

LOX  TRB  INLET 

20 1 A . 9 

-t  ]  2  .  1 

1.61 

2803.9 

LOX  TRB  EXIT 

1788.8 

7  .9 

1.61 

2731.2 

M2  TRB  INLET 

1 ?88  .8 

792.9 

1.61 

2731.2 

M2  TRB  EXIT 

1051.3 

712.3 

1.61 

2A31 .9 

H2  TRB  DIFF 

10A1 .7 

712. A 

1  .61 

2A31 .9 

M2  BST  TRB  IN 

1032.9 

712. A 

1  .61 

2A31 .9 

H2  BST  TRB  EXIT 

1022.6 

710.9 

1.61 

2A26.A 

M2  BST  TRB  DIFF 

1020. A 

710-9 

1  .61 

2A26.A 

02  BST  TRB  IN 

1011.8 

711.0 

1.61 

ZA26.A 

02  BST  TRB  EXIT 

1006. A 

710.2 

1  .61 

2A23.A 

02  BST  TRB  DIFF 

1006.1 

710.2 

1.61 

2A23.A 

H?  TANK  PRESS 

18.6 

7A9.3 

0.0032 

25A0.0 

GOX  HEAT  EXCH  IN 

907.3 

7A3.A 

2 . 32 

25AO.O 

GOX  HEAT  EXCH  OUT 

989.1 

7A3.0 

2.32 

2538.2 

MIXER  HOT  IN 

989.1 

7A3 .0 

2.32 

2538.2 

MIXER  COLD  IN 

908.0 

63.3 

0.66 

-  13.0 

MIXER  OUT 

907.1 

58A.2 

2.98 

1976.3 

FSV  INLET 

907.1 

58A.2 

2 . 98 

1976.3 

FSV  EXIT 

881  .A 

58A.3 

2.98 

1976.3 

CHAMBER  INJ 

871  .8 

58A.3 

2.98 

1976.3 

CHAMBER 

801 .9 

»  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  INLET 

16.0 

162.7 

17.90 

61  .  1 

B.P.  EXIT 

8A.3 

163.1 

17.90 

61.3 

PUMP  INLET 

8A.3 

163.1 

17.90 

bl  .3 

PUMP  EXIT 

1800.0 

172.6 

17.90 

67.9 

02  TANK  PRESS 

16.0 

AOO.O 

0.03 

20A  .8 

POSV  INLET 

1793. A 

1  72. 6 

5.20 

67.9 

POSV  EXIT 

989.0 

175.6 

5.20 

b  7 . 9 

OCV  INLET 

1  793. A 

1  72.6 

12.67 

67.9 

OCV  EXIT 

836.5 

1  76.2 

12.67 

b  7 . 9 

PRIMARY  INJ 

95A.8 

175.7 

5.20 

67.9 

SECONDARY  INJ 

830.2 

1  7  o .  2 

12.  *7 

b  7 . 9 

CHAMBER 

801  .9 

VALVE  DATA 

VALVE 

delta  p 

AREA 

FLOW 

\  BYPASS 

JBV 

A  36  . 

0.023 

9 .  »6 

22.00 

TBV 

1018  . 

0.072 

0.71 

30.63 

FSV 

2  o  . 

1  .  oS 3 

2.98 

POSV 

80A  . 

0.032 

5.20 

OCV 

95  7  . 

0.073 

12.67 

INJFCT'IW  DATA 

■  FUEL 

•  OX  ID  » 

PR  I  MARY 

SECOND 

HELP  MAN  10.05 

16 

<j  ^ 

3  .  15 

DELP  INJ  59.81 

152. 

28.32 

AREA  I  .  1A 

0 

0« 

0  .A3 

FLOW  2-98 

5 

2  0 

12.6? 

DENSITY 
A  .37 
A.  38 
A  .  38 
A  .  2  7 
A. 27 
3.89 
A.  25 
A  .  2A 
A.  22 
O.AS 
O.AA 
0.22 
O.AA 
0  .AO 
0  .AO 
0.27 
0.27 
0.26 
0.26 
(J .  26 
0.26 
0.26 
0.26 
0.00A7 
0.2A 
0.2A 
0.2A 
3.80 
0.28 
0.28 
0.27 
0.27 


DENSITY 

71.17 

71.17 

71.17 
71.28 
0. 12 
71  .27 
69.97 
71.27 
60 . 72 
60.oi 
t>9. 71 
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TABLE  50.  -  ADVANCED  ENGINE  S ARAMETRIC  STUDY  SPLIT-EXPANDER 

ENGINE  50%  OF  DESIGN  THRUST  LEVEL  (CONTINUED) 


• 

TURBOMACHInERV 

performance  data  ■ 

•  Hr  BOOST  TURBINE  ■ 

■  K2  BOOST 

PUMP  • 

efficiency 

0.784 

EFFICIENCY 

0.67S 

HORSEPOWER 

13. 

HORSEPOWER 

13. 

SPEED  (PPM) 

304  «»4. 

SPEED  (RPM) 

30494. 

MEAN  DTA  (IN) 

1  .90 

S  SPEED 

2148. 

EFF  AREA  (  1N2  ) 

l  AS 

HEAD  (FT) 

IS60. 

U/C  (IDEAL) 

o.sir 

DIA.  (IN) 

/j 

00 

MAX  TIP  SPEED 

csr. 

TIP  SPEED 

290 . 

STAGES 

i . 

VOL.  FLOW 

306. 

DEI TA  H  (ACT  ) 

S.4* 

HEAD  COEF 

0.S97 

GAMMA 

1  .39 

FLOW  COEF 

0. 1S3 

PRESS  RAT  10  ( T/T I 

1.01 

•  *2  TURBINE 

* 

• 

H2  PUMP  • 

STAGE  I 

STAGE  2 

T AGE  ONE 

stage  TWO 

STAGE  THREE 

EFFICIENCY 

0.766 

0. 77S 

EFFICIENCY 

0.602 

0.61S 

0.620 

MORSE POWER 

3  A  7 . 

3io , 

HORSEPOWER 

386. 

1S2. 

IAS. 

SPEED  (RPM) 

9200 I . 

*>2001  . 

SPEED  (RPM) 

92001  . 

92001 . 

92001  - 

MEAN  DIA  (IN) 

3 .  A  7 

3  .  A  7 

S  SPEED 

SA7. 

796. 

818. 

Efr  AREA  (In2> 

0 . 2 1 

0.2b 

MEAD  (FT) 

A 28  4* . 

22073. 

21323. 

U/C  (IDEAL) 

0  .A42 

0.4S2 

DIA.  (IN) 

3.69 

3.02 

3.02 

MAX  TIP  SPEED 

1  3  *S  . 

139S. 

TIP  SPEED 

1A81  . 

1212. 

1212. 

delta  h 

1S2 . 

147. 

VOL.  FLOW 

313. 

2  AS. 

24e . 

GAMMA  (ACT) 

1  .3* 

1 .39 

HEAD  COEF 

0.62* 

0 .483 

0.467 

PRESS  RATIO! T/T 

1  .33 

1  .3S 

flow  CCEF 

0.064 

0.100 

0.102 

•  02 

BOOST  TURBINE  « 

•  02  BOOST 

PUMP  • 

EFFICIENCY 

0.  784 

EFFICIENCY 

0.674 

MORSE P OWE  R 

7  . 

HORSEPOWER 

7. 

SPEED 

(RPM) 

80  74. 

SPEED  (RPM) 

8074. 

ME  AN  DTA 

(INI 

s.ro 

S  SPEED 

212*. 

tn  AREA 

l  I  N2  ) 

2.02 

HEAD  (FT) 

138. 

1J/C  1 

1  IDEA*.  ) 

0.S12 

DIA.  (IN) 

2.44 

MAX  TIP  SPE  ft) 

183  . 

TIP  SPEED 

8b. 

S  T  AGE  S 

1  . 

vol .  flow 

I  13. 

DU  TA  H 

(ACT  ) 

2,b2 

HEAD  COEF 

0 .  b02 

GAMMA 

1  -3<* 

FLOW  COEF 

0. 1S3 

PPFSS  RATIO  (T/T) 

101 

«  02  turbine  • 

•  02  PUMP  • 

e  t  f  a.  if  n(. y 

0.77/ 

EEF  JCJENCY 

0.  b79 

horsepower 

1  bt»  . 

horsepower 

l  bb  . 

SPEED  i  RPM) 

Sb7S*. 

SPEED  (RPM) 

S6  7Sb . 

Mf  AN  01  A  (IN) 

3.47 

S  SPFFD 

1334. 

f *F  AREA  (JN2) 

0.2S 

HEAD  CET) 

3  A  b  b  . 

U/r:  (IDEAL) 

0 . 3«»7 

DIA.  (IN) 

1  .*0 

MAX  TIP  SPEED 

HbO  . 

TIP  SPEED 

4  72. 

stages 

1  . 

VOL  .  FLOW 

113. 

DEI.  TA  m  (AC  T  ) 

72  ■  74 

HEAP  COEF 

0  .  S02 

GAMMA 

1  .  3* 

El.OW  f  Of  E 

0.103 

PR*  RATI*)  (  '  /  T  ) 

1.13 
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TABLE  51 


ADVANCED  ENGINE  PARAMETRIC  STUDY  SPLIT-EXPANDER 
ENGINE  10%  OF  DESIGN  THRUST  LEVEL 


ENGllC  PERFORMANCE  PARA7CTEBS 


CHAMBER  PRESSURE 

158.? 

VAC 

ENGINE  ThRUST 

2008. 

DEL. 

.  VAC.  ISP 

478.8 

TOTAL  EMGltC  FLQM  RATE 

4.7 

teotoat  area 

4.064 

NOZZLE  AREA  RATIO 

1000.8 

£MGI»C  MIXTURE 

RATIO 

6.88 

CHAWER /NOZZLE 

COOLANT 

DP 

Z 14. 

CHAMBER /NOZZLE 

COOLANT 

DT 

78*. 

ETA 

C» 

0.993 

CHAMBER /NOZZLE 

0 

1748. 

ENGINE 

STATION 

CONDITIONS 

«  FUEL  S'/STEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

27.4 

0.60 

-187.S 

4.37 

8.P.  EXIT 

25.6 

37.6 

0.60 

-  184. 9 

4.36 

PUMP  inlet 

25.4 

37.6 

O.oO 

-  104.9 

4  36 

1ST  STAGE  EXIT 

272.9 

45.2 

0.60 

88.9 

4.21 

JBV  INLET 

272. « 

45.2 

0.00 

-88.9 

4.21 

jbv  exit 

187.« 

45.9 

0.00 

-88.9 

4.11 

2nd  stage  exit 

420.5 

48.2 

0.60 

-4M 

4.19 

PUMP  EXIT 

563.0 

50.8 

O.bO 

-58.4 

4.17 

COOLANT  INLET 

Shi  .0 

50.8 

0.60 

58.4 

4.17 

COOLANT  EXIT 

347.0 

837.0 

0.60 

2855.1 

0.08 

TBV  INLET 

233.  S 

837.1 

0.36 

2855.1 

0.07 

TBV  EXIT 

217.1 

837.9 

0.36 

2855.1 

0.05 

LOX  trb  inlet 

323. S 

837.1 

0.23 

2855.1 

0.07 

LOX  TRB  EXIT 

30S.2 

826. 7 

0.23 

2818.0 

0.07 

N2  TRB  INLET 

305.3 

826.7 

0.23 

2818.0 

0.07 

HZ  TRB  EXIT 

224.8 

792-0 

0.23 

2493. 9 

0.05 

HZ  TRB  OIFF 

ZZ3.7 

792.0 

0.23 

2493.9 

0.05 

HZ  BST  Trb  IN 

Z2Z.8 

792  0 

0.23 

2693.9 

0.85 

HZ  BST  TRB  EXIT 

221.7 

7<M  .5 

0.23 

2692.2 

0.85 

HZ  BST  TRB  DIFF 

22J.5 

791.5 

0.23 

2697.2 

0.05 

OZ  BST  TR8  IN 

220.6 

?«M  .5 

0.23 

2697.2 

0.05 

OZ  BST  TRB  EXIT 

220.0 

7*1  .3 

0.23 

2691.4 

0.05 

OZ  BST  TRB  DIFF 

220.0 

791.3 

0.23 

2691.4 

0.05 

HZ  TANK  PRESS 

18-6 

821.0 

0.0006 

2791.4 

0.0043 

SOX  HEAT  fXLH  IN 

217.1 

819.7 

O.bO 

2791.4 

0.05 

GOX  HEA*  EXCH  OUT 

214.4 

319.3 

O.bO 

2798.0 

0.05 

MIXER  HOT  IN 

21*. A 

819.3 

0.60 

2798.0 

0.05 

MIXER  COLO  IN 

187.6 

••5.  9 

0.00 

-80.9 

4.11 

MIXER  OUT 

I87.o 

819. 5 

0.60 

2748.0 

0.04 

*sv  inlet 

187.6 

319. S 

0.60 

27*0.0 

0.04 

PS V  EXIT 

180. S 

319.6 

0.60 

2798.0 

0.04 

CHAMBER  INJ 

1  78 . 0 

819.6 

0.60 

2798.0 

0.04 

CHAMBER 

1S8  -2 

«  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

XMP 

FLOW 

ENTHALPY 

DENSITY 

8.P.  INLET 

1  6 . 0 

1  o  7 . 7 

3.59 

*1.1 

71.17 

3.P.  EXIT 

25. 5 

1*2.8 

3.59 

*1-1 

71.16 

PUMP  INLET 

rs.s 

Io2 .8 

3.59 

6l.| 

71.16 

PUMP  EXIT 

423 .  S 

l  6  7  .  1 

3.59 

63.5 

70. 82 

OZ  TANK  PRESS 

1  6 . 0 

<•00.0 

0 .01 

204 .8 

0.  tz 

POSV  INLET 

623-2 

1  o  7  .  1 

2 . 68 

•  3.5 

70. 82 

POSV  EXIT 

207.6 

1  67. 9 

2.60 

63.5 

70.46 

XV  INLET 

422.2 

!  a  7  .  1 

0.90 

*3.5 

70.82 

XV  EXIT 

158.2 

1  08 . 0 

0.90 

63.5 

70.38 

"’R  I  MAR  V  INJ 

108.6 

•.6/9 

2.b8 

*3.5 

70.45 

'.FCONOARY  Inj 

158.2 

:  c«.  o 

0.  «0 

«3 . 5 

70.28 

MAMBER 

158.2 

VALVE  Data 


VALVE 

DELTA  P 

F  A 

Ft  OH 

\  BYPASS 

-  BV 

85. 

-3 

3.00 

0.00 

’SV 

;  u . 

: : 

3.  36 

*1.09 

CGV 

5  3 

3.&0 

sosv 

7  6  - 

:: 

7  60 

XV 

:*s. 

' 

.  3 

3.90 

C  *  20 

DATA 

•  fuel  * 

x  ID 

• 

> 

tMARV 

'.ECONO 

2ELP  man 

2.68 

-  «•  A 

3 .32 

CELP  INJ 

17.10 

3.41 

3.14 

AREA 

1  .  14 

08 

a. 43 

►LOW 

3 .60 

.  08 

0.90 
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TABLE  51.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  SPLIT- EXPANDER 

ENGINE  10%  OF  DESIGN  THRUST  LEVEL  (CONTINUED) 


■  TURBCNACHINERY  PERFORMANCE  DATA  ■ 


•  M2  BOOST  TURBINE  ■  ■  M2  BOOST  PUK>  • 


EFFICIENCY 

0.445 

EFFICIENCY 

■  ■ 

0.444 

HORSEPOWER 

1. 

HORSEPOWER 

l  . 

SPEED  (RPM) 

101 95. 

SPEED  (RPM) 

10195. 

MEAN  01 A  UN) 

1.90 

S  SPEED 

1262. 

EFF  AREA  CIN2I 

1  .45 

HEAD  (FT) 

228. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

84. 

TIP  SPEED 

97. 

STAGES 

1. 

VOL.  FLOW 

bl  . 

DELTA  H  'ACT) 

I  .49 

HEAD  CCEF 

2.781 

GAMMA 

1.41 

FLOW  COEF 

0.092 

PRESS  RATIO  (T/T) 

1.01 

»  H2  TURBINE 

• 

• 

*  M2  PUMP  • 

STAGE  1 

STAGE  2 

stage  one  s 

TAGE  TWO 

STAGE  THREE 

*■»»««««•  • 

EFFICIENCY 

0.495 

0.558 

EFFICIENCY  0.415 

0.571 

0.577 

HORSEPOWER 

22. 

19. 

HORSEPOWER  22 . 

10. 

9. 

SPEED  (RPM) 

59541. 

59541 . 

SPEED  (RPM)  29541. 

3°54  1  . 

29541. 

MEAN  DIA  (  IN) 

5.47 

5.47 

S  SPEED  261 . 

527. 

540. 

EFF  AREA  (IN2) 

0.21 

0.26 

HEAD  (FT)  8263. 

5061  . 

4910. 

'J/C  (IDEAL) 

0.221 

0.258 

DIA.  (IN)  2 . o  9 

2.02 

2.02 

MAX  UP  SPEED 

599. 

599. 

TIP  SPEED  636. 

521  . 

521. 

DELTA  M 

t>6 . 

58. 

VOL.  FLOW  64. 

64  . 

44. 

GAMMA  (ACT) 

1  .41 

1  .41 

HEAD  COEF  0.664 

0.600 

0.582 

PRESS  RAT  IOC  T/T 

1.23 

1.25 

FLOW  COEF  0.020 

0.060 

0.062 

•  02  BOOST  TURBINE  • 

•  02  BOOST  PUMP 

•  • 

EFFICIENCY 

0.435 

EFFICIENCY 

0.427 

HORSEPOWER 

0. 

HORSEPOWER 

0. 

SPEED  (RPM) 

2653. 

SPEED  (RPM) 

2o32 . 

ME AN  0 1  A  f IN) 

5.20 

S  SPEED 

Z  6  1  . 

EFF  AREA  (IN2) 

2.02 

HEAD  (FT) 

i  9  . 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

*0. 

TIP  SPEED 

28. 

STAGES 

1. 

VOL.  FLOW 

22  . 

DELTA  M  (ACT) 

0.87 

MEAO  COEF 

:  .  792 

GAMMA 

1  .41 

FLOW  COEF 

2.094 

PRESS  RATIO  ( T/T) 

1.01 

•  02  TURBIN 

■ 

• 

•  02  PUMP  • 

EFFICIENCY 

0.516 

EFFICIENCY 

:  .422 

HORSEPOWER 

12. 

horsepower 

12  . 

SPEED  (RPM) 

26519. 

SPEED  (RPM) 

;5519. 

MEAN  DIA  ( IN) 

:  .47 

S  SPEED 

922  . 

EFF  AREA  ( I N2 ) 

0.25 

HEAD  iFT) 

909  . 

J/C  IOEAL) 

0.212 

DIA.  ;in) 

.  .  *0 

MAX  TIP  SPEED 

402. 

TIP  SPEED 

:  2  o . 

STAGES 

I  . 

VOL.  FLOW 

2  2  . 

DELTA  H  'ACT) 

2  7.16 

HEAD  COEF 

:  .527 

,AMMA 

I  .42 

FlCW  CCEF 

: .  o«iA 

■-'RFSS  RATIO  (  T  '  T  ) 

: .  a* 
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TABLE  52.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  SPLIT-EXPANDER 

ENGINE  5%  OF  DESIGN  THRUST  LEVEL 

ENGINE  PERFORMANCE  PAR  ALTERS 


CHAMBER  PRESSURE 

78.4 

VAC  ENGHC  THRUST 

1000. 

DEL.  VAC.  ISP 

4  78.5 

TOTAL  ENGINE  FLQN  RATE 

2.1 

THROAT  AREA 

4.044 

NOZZLE  AREA  RATIO 

1000.0 

ENGI*C  MIXTURE  RATIO 

4. 00 

CHAMBER /NOZZLE  COOLANT 

DP 

44. 

CHAMBER /NOZZLE  COOLANT 

DT 

841. 

ETA  C® 

0.942 

CHAMBER /NOZZLE  Q 

980. 

ENGINE  STATION  CONDITIONS 


• 

»  FUEL 

SYSTEM  CCNDITICNS  ’ 

STATION 

PRESS 

TEMP 

FLOW 

enthalpy 

8.P-  INLET 

18.4 

Z  7.4 

0. 30 

-107.5 

9.P.  EXIT 

21.2 

37. S 

0 . 20 

-  107.2 

PUW»  inlet 

21.3 

27. S 

0.20 

-  107.2 

JST  STAGE  EXIT 

128.5 

41.9 

0.20 

-93.7 

jBV  INLET 

128. S 

M  .9 

0.00 

-®  J .  7 

jBV  exit 

AS.  2 

-2.1 

0.00 

-93.7 

2ND  STAGE  EXIT 

I9S.0 

43.4 

0.20 

-88 . 0 

PUMP  EXIT 

2S9.2 

44.8 

0.30 

-82. S 

COOLANT  INLET 

2S8-8 

44.8 

0.20 

-82  -S 

COOLANT  EXIT 

142.8 

436.2 

0.30 

3197.0 

TBV  INLET 

IS4.8 

436.3 

0.21 

3197.0 

TBV  EXIT 

lll.S 

436-6 

0.21 

3197.0 

LOX  TRB  INLET 

154.8 

456.3 

0.09 

3197.0 

LOX  TRB  EXIT 

144.0 

429.  1 

0.09 

3171  .8 

H2  TRB  IH-ET 

144.0 

°24  .  1 

0.04 

3171.8 

H2  TRB  EXIT 

1  14.8 

406. S 

0.09 

2092.6 

H2  TRB  DIFF 

114.4 

40b.  S 

0.04 

3092.6 

H2  BST  TRB  IN 

114.1 

40®. s 

0.09 

3092.6 

H2  BST  TRB  EXIT 

112.7 

406.2 

0.04 

3091.6 

H2  BST  TRB  DIFF 

113.6 

406.2 

0.04 

3091.6 

02  BST  TRB  IN 

113.3 

4Q®  .2 

0-04 

2091.® 

02  BST  TRB  EXIT 

112. 1 

406.1 

9- 

O 

O 

2091 . 1 

02  BST  TRB  DIFF 

112.1 

406.1 

0.09 

3091.1 

H2  TANK  PRESS 

18.6 

427.7 

0.0005 

2163. 9 

GOX  HEAT  EXCH  IN 

lll.S 

427.  1 

o.  :o 

5 1 ®3 . 9 

OX  HEAT  EXCH  OUT 

110.0 

42®  .  7 

0.30 

3162.5 

r KER  HOT  IN 

110.0 

®26. ; 

0.30 

3  1  62 .  S 

“•XER  COLD  !N 

9S.2 

42.1 

0.00 

-®3.7 

HIKER  OUT 

AS. 2 

326 .8 

0.20 

3162.5 

CSV  INLET 

«S. 2 

420.8 

3.20 

2  1  o2 . 5 

FSV  EXIT 

41.2 

426.8 

0.20 

3162. S 

CHAMBER  INJ 

84.8 

426.8 

0.20 

3162. S 

CHAMBER 

78.® 

■  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

'CMP 

FlOH 

ENTHALPY 

S.P.  INLET 

l®.0 

\oZ  .  7 

I  .  7<» 

6  I  .  1 

3.P.  EXIT 

19.® 

\  ■>: .  7 

1.7° 

=>1.1 

PUfO*  INLET 

19.6 

.  o  2 , 7 

1  .  74 

®  1  .  1 

P'JM>  EXIT 

146.  1 

I  ob .  2 

1.7® 

62.6 

02  TANK  PRESS 

16.0 

-00  .  o 

~  :o 

204.8 

ROSY  INLET 

146.0 

.  ■sS  .  2 

.  7  4 

=>2.4 

POSV  EXIT 

100.4 

.  ->5  .  o 

1.79 

■>2.4 

■rev  inlet 

146.0 

.  -jS  .  2 

2 .  :o 

o2 .4 

CV  EXIT 

78.® 

.  3  S  .  O 

3  .  00 

®2 .4 

PRIMARY  INJ 

46. 4 

.  oS  .  ® 

: . 

®2 . 4 

7ECONDARY  INJ 

78.6 

.  ;S  .  o 

7  .  00 

32.4 

hAMBER 

78.® 

valve  2ATA 

l  ALVE 

?.t  L.TA  p 

-PEA 

CL''W 

\  B VP ASS 

.  BV 

-  -  . 

ZOO 

J.  00 

0.00 

'9V 

. 

7 ;  s 

7.21 

08 . 78 

"SV 

7.  ;o 

^osv 

1  ■>  • 

J22 

•  ■  •  0 

XV 

.  2C0 

.5  -  C3 

R  Pa  t  a 


DENSITY 
4.37 
4.34 
A.  54 
A  .26 
A. ?4 
4.72 
4.24 


0.15 

0.92 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 


0.02 
0.02 
0.02 
0.02 
0 . 0028 
0.02 
0.02 
0.02 
4.22 
0.02 
0.02 
0.02 
0.02 


DE«ITY 
71.17 
71. U 

71.1® 
70.01 
0.12 
70.»1 
70.75 
70.41 
-'0.72 
70.75 
7  0.72 


-  PUEL 


;ELP  man  I  .Si 

PELP  tNJ  a -  7 2 

-PEA  ;  •  14 

I.  OH  0.20 


'  OX  ID  • 
wY  .ECONO 

>  7.20 

-  ■>  : . oo 

H  7.45 

>  7  .  JO 
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TABLE  52.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  SPLIT-EXPANDER 

ENGINE  5%  OF  DESIGN  THRUST  LEVEL  (CONTINUED) 


•  TURBOHACHIfCRY  PERFORMANCE  DATA  ■ 


■  M2  BOOST  TURBINE  ■  ■  M2  BOOST  PUMP  ■ 


EFFICIENCY 

0.314 

EFFICIENCY 

0.376 

HORSEPOWER 

0. 

HORSEPOWER 

0. 

SPEED  (RPM) 

6152. 

SPEED  (RPM) 

6152. 

MEAN  DIA  (IN) 

1  .90 

S  SPEED 

1187. 

EFF  AREA  (IN2) 

1.45 

MEAD  (FT) 

88. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2-18 

MAX  TIP  SPEED 

51. 

TIP  SPEED 

58. 

STAGES 

1. 

VOL.  FLOW 

31  . 

DELTA  H  CACTI 

0.97 

HEAD  COEF 

0.828 

GAMMA 

1  .43 

FLOW  COEF 

0.076 

PRESS  RATIO  (T/T) 

1.01 

•  M2  TURBINE 

* 

'  H2  PUMP  • 

STAGE  1 

STAGE  2 

STAGE  ONE  STAGE  TWO 

STAGE  THREE 

EFFICIENCY 

0.370 

0.417 

EFFICIENCY  0.340 

0.508 

0.515 

HORSEPOWER 

6. 

5. 

HORSEPOWER  b. 

2 . 

2. 

SPEED  (RPM) 

25943. 

25943. 

SPEED  (RPM)  25943. 

25943. 

25943. 

MEAN  Dr  A  UN) 

3.47 

3.47 

S  SPEED  314. 

446. 

457. 

EFF  AREA  (IN2) 

0.21 

0.26 

►CAD  (FT)  3590. 

2254. 

2190. 

U/C  (IDEAL) 

0.  163 

0.188 

DIA.  (IN)  3.69 

3.02 

3.02 

MAX  TIP  SPEED 

393. 

393. 

TIP  SPEED  418. 

342. 

342. 

DELTA  H 

43. 

34. 

WL.  FLOW  31. 

32. 

32. 

GAMMA  (ACT) 

1  .43 

1.43 

►CAD  COEF  0.662 

0.621 

0.603 

PRESS  RATIOIT/T 

1.33 

1.35 

FLOW  COEF  0. 023 

0.046 

0.046 

•  02  BOOST  TURBINE  • 

•  02  BOOST  PUMP 

•  * 

EFFICIENCY 

0.307 

EFFICIENCY 

0.369 

HORSEPOWER 

0. 

HORSEPOWER 

0. 

SPEED  (RPM) 

1579. 

SPEED  (RPM) 

1579. 

MEAN  DIA  ( IN) 

5.20 

S  SPEED 

1188. 

EFF  AREA  UN2) 

2.02 

HEAD  (FT) 

7  . 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

36. 

TIP  SPEED 

17. 

STAGES 

1. 

VOL.  flow 

1  1  . 

DELTA  M  (ACT) 

0.49 

HEAD  COEF 

0.839 

GAMMA 

1  .43 

FLOW  COEF 

0.0  78 

PRESS  RATIO  (T/T) 

1.01 

«  02  TURBINE 

■ 

■ 

*  02  PUMP  * 

EFFICIENCY 

0.383 

EFFICIENCY 

0.352 

HORSEPOWER 

3. 

HORSEPOWER 

:. 

SPEED  (RPM) 

17635. 

SPEED  (RPM) 

i  7635  . 

MEAN  OTA  UN) 

3.47 

S  SPEED 

721  - 

EFF  AREA  ( IN2) 

0.25 

HEAD  (FT) 

258 . 

U/C  (IDEAL) 

0. 147 

DIA .  UN) 

1  .  “0 

MAX  TIP  SPEED 

267. 

TIP  SPEED 

147. 

STAGES 

I . 

VOL.  F_  OW 

:  i . 

DELTA  H  (ACT) 

25.18 

HEAD  CCEF 

:  .537 

GAMMA 

I  .43 

FLOW  COEF 

0.033 

-’REGS  RATIO  iT/T  ) 

1.07 
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TABLE  53.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  100%  OF  DESIGN  THRUST  LEVEL 

ENG!»C  PEBFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1  763.9 

VAC  ENGIJC  TWIST 

ZOOM. 

DEL.  VAC.  ISP 

680. • 

TOTAL  ENG11C  FLOW  RATE 

41.7 

TWOAT  AREA 

5.547 

NOZZLE  AREA  RATIO 

1000.0 

ENGIK  MIXTURE  RATIO 

6.00 

CHAWER /NOZZLE  COOLANT 

DP 

874. 

CHAMBER /NOZZLE  COOLANT 

DT 

503. 

ETA  C» 

0.993 

CHAMBER /NOZZLE  Q 

I  ISM. 

ENGI^C  STATION  CONDITIONS 


•  FUEL  SYSTEM  CONDITIONS  ■ 


STATION 

PRESS 

TEMP 

FLOW 

enthalpy 

DENSITY 

B.P.  IICET 

18.6 

37.4 

5.96 

-107.5 

4.37 

B.P.  EXIT 

100. z 

38.5 

5.96 

-  103.0 

4.39 

pUHp  INLET 

100. z 

38.5 

5.96 

-103.0 

4.39 

1ST  STAGE  EXIT 

1877.6 

oS .  7 

5.96 

8.5 

4.42 

ZND  STAGE  EXIT 

5643.0 

87.7 

5.96 

118.3 

4  .47 

PUMP  EXIT 

5403.2 

UO. 6 

5.96 

226.1 

4.54 

COLD  REGEN  IN 

5349.1 

III  .1 

5.96 

226.1 

4.52 

COLD  REGEN  EX 

5295.6 

255.4 

5.96 

757.5 

2.73 

COOLANT  IU.ET 

5295-6 

255.4 

5.96 

757.5 

2.73 

COOLANT  EXIT 

4421.6 

758.6 

5.96 

2668.9 

0.96 

T8V  INLET 

4377.3 

758.9 

0.31 

2668.9 

0.95 

TBV  EXIT 

2035.2 

773.8 

0.31 

2  o60.9 

0.47 

LOX  TR8  IW.ET 

4377.3 

758.9 

5.65 

2668.9 

0.95 

LOX  TRB  EXIT 

3978.6 

744.7 

5.65 

2608.9 

0.89 

HZ  TRB  IH.ET 

3978.6 

744.7 

5.65 

2608.9 

0.89 

HZ  TRB  EXIT 

2162. 4 

65  7.7 

5.65 

2261.7 

0.58 

MZ  TRB  DIFF 

2131.1 

657.8 

5.65 

2261.7 

0.57 

HZ  8ST  TRB  IN 

2109.8 

©58 . 0 

5.65 

2261.7 

0.56 

HZ  BST  TRB  EXIT 

2090.5 

656.7 

5.65 

2257.0 

0.56 

HZ  BST  TR8  DIFF 

2077.0 

656.8 

5.o5 

2257.0 

0.56 

OZ  8ST  TRB  IN 

2056.3 

656.9 

5.65 

2257.0 

0.55 

02  BST  TRB  EXIT 

204A. 9 

656.2 

5.o5 

2254.4 

0.55 

OZ  BST  TRB  DIFF 

2045.4 

656-3 

5.65 

2254.4 

0.55 

HZ  TAW  PRESS 

18.6 

•  73.5 

0.0071 

2275.8 

3.0052 

COX  HEAT  EXCH  IN 

2035.2 

0  62.4 

S.oS 

2275.8 

3.54 

COX  HEAT  EXCH  OUT 

2026.0 

662 . 0 

5.65 

2274.4 

0.54 

*OT  REGEN  IN 

2026.0 

662.0 

5.65 

2274.4 

0.54 

HOT  REGEN  EX 

1965.4 

507.3 

5  .  o5 

1714.0 

0.67 

FSV  INLET 

l«65.4 

520.9 

5.95 

1763.4 

0 .  •«» 

FSV  EXIT 

1916.2 

521.1 

5.95 

1763.4 

3 .  »4 

CHAMBER  INJ 

1897.1 

521.2 

5.95 

1  763.4 

3. *3 

CHAMBER 

1763.5 

■  OXYGEN  SYSTEM 

conditions 

• 

STATION 

PRESS 

"EMP 

FLOW 

ENTHALPY 

DENSITY 

S.P.  INLET 

1  o  •  Q 

1  o2 . 7 

35.7? 

•  1.1 

1.1/ 

3.P.  EXIT 

134.9 

1  »s.s 

35.7  7 

61.5 

71.20 

pump  inlet 

134.9 

165. S 

35.7? 

•  1.5 

M  .20 

PUMP  EXIT 

2852.9 

176.1 

35.77 

70.9 

71.70 

OZ  TANK  PRESS 

26.0 

403.0 

0.06 

204.8 

3.12 

POSV  INLET 

2824.3 

176.2 

8.55 

70.9 

71  .*5 

POSV  EXIT 

2309.8 

173.2 

8.55 

70.9 

70.86 

:cv  inlet 

2824.3 

176.2 

27.16 

*0.9 

'1  .*5 

'CV  EXIT 

'.956.8 

.79.6 

27.16 

*0.9 

*0.27 

PRIMARY  TNJ 

2210.2 

:  78.5 

8.55 

'0.9 

70.70 

CECONDARV  INJ 

*.905.3 

179.7 

27.  U 

>'0.9 

0.22 

H AMBER 

17&3.8 

VALVE  Data 


VALVE 

DELTA  P  AREA 

FLOW 

1  bypass 

"  3V 

CSV 

p  OS  V 

JCV 

•  F  -.EL 

:342.  7.314  0.31 

<•>.  '.  .  528  5.95 

*>15.  '  .  3b  7  8.55 

S87.  ;.lt»l  27.16 

IN.iFCTCR  DATA 

'  •  OX  ID  * 

pRJMApv  SECOND 

4.17 

:elp  man 

:  9 .  oj 

-9.4' 

15.71 

:elp  inj 

1 : 3 .23 

»** 0  .  «  1 

141 .36 

AREA 

:  .05 

0.41 

-  L  OW 

4  .«s 

8.5*. 

27.16 
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TABLE  53.  -  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  100%  OF  DESIGN  THRUST  LEVEL 

(CONTINUED) 


■  TURBONACHINERV  PERFORMANCE  DATA  • 


-  H2  BOOST  TURBINE  ■ 

•  M2  BOOST  PUMP 

■ 

EFFICIENCY 

0 . 797 

EFFICIENCY 

0.766 

HORSEPOWER 

28. 

HORSEPOWER 

38. 

SPEED  (RPH) 

45998. 

SPEED  (RPM) 

45998. 

MEAN  D1A  (IN) 

1 .50 

S  SPEED 

304  7. 

FF F  AREA  (IN2) 

2. A* 

HEAD  (FT) 

2682. 

M/C  (IDEAL) 

0 .478 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

240. 

TIP  SPEED 

437. 

STAGES 

1. 

VOL.  FLOW 

609. 

DELTA  H  'ACT) 

4.75 

HEAD  COEF 

0.451 

GAMMA 

1.25 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/T) 

1 .01 

-  H2  turbine 

• 

■ 

*  M2  PUMP  • 

STAGE  1 

STAGE  2 

STAGE  ONE  STAGE  TWO 

STAGE  three 

oiiiiiia  « 

EFFICIENCY 

0.841 

0.828 

EFFICIENCY  0.648 

0.669 

0.670 

HORSEPOWER 

1388. 

1287. 

HORSEPOWER  941. 

925. 

909. 

SPEED  (RPM)  1 

24911.  1 

24911  . 

SPEED  (RPM)  124911. 

124911 . 

124911 . 

MEAN  DIA  C IN) 

2 . 78 

2.78 

S  SPEED  822. 

826. 

831. 

EFF  AREA  ( IN2 ) 

0.21 

0.40 

HEAD  (FT)  58028. 

57176. 

56217. 

U/C  ( I  deal ) 

0.471 

0.447 

DIA.  (IN)  5.43 

3.43 

3.43 

MAX  TIP  SPEED 

1515. 

1515. 

TIP  SPEED  1849. 

1869. 

1848. 

DELTA  H 

174. 

173. 

VOL.  FLOW  405. 

599. 

589. 

GAMMA  (ACT) 

1.25 

1.35 

1«AD  COEF  0.535 

0.527 

0.518 

PRESS  RAT  IOC  T/T 

1.24 

1.37 

FLOW  COEF  0.099 

0.099 

0.099 

«•  02  BOOST  TURBINE  • 

•  02  BOOST  PUMP 

«■ 

• 

EFFICIENCY 

0.843 

EFFICIENCY 

0.764 

HORSEPOWER 

20. 

HORSEPOWER 

20. 

SPEED  (RPM) 

12215. 

SPEED  (RPM) 

12315. 

MEAN  DIA  ( !N ) 

Z  .  48 

S  SPEED 

2  028. 

EFF  AREA  CN2) 

3 .  *0 

HEAD  (FT) 

241  . 

U/C  (IDEAL) 

0.514 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

198. 

TIP  SPEED 

131  . 

STAGES 

1  . 

VOL.  FLOW 

226  . 

DELTA  M  .  ACT  I 

2 . 5  o 

HEAD  COEF 

0.450 

GAMMA 

1.25 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/T) 

1 .00 

■  02  turbine 

■ 

■ 

ft  02  PUMP  • 

EFFICIENCY 

0  .852 

EFFICIENCY 

0.729 

HORSEPOWER 

480. 

HORSEPOWER 

480. 

SPEED  (RPM) 

76953 . 

SPEED  (RPM) 

76933  . 

MEAN  DIA  ; IN) 

2.78 

S  SPEED 

1813. 

EFF  AREA  ( IN2 ) 

0.42 

HEAD  (FT) 

545  7. 

U/C  (IDEAL) 

0.494 

DIA.  (IN) 

1  .92 

MAX  TIP  SPEED 

*23. 

TIP  SPEED 

644. 

STAGES 

1  . 

VOL.  FLOW 

224  . 

DELTA  H  : ACT ) 

o  0 . 04 

~EAO  CCEF 

0 .422 

SAMMA 

i  .25 

FLOW  CCEF 

0.154 

PRESS  RATIO  >I'T) 

; .  io 

REGENERATOR  DATA 


:  :lD  side 
DELP  52.52 

DEL  T  I-.4.34 

AREA  0.41 

PLOW  5.96 

EFFECT I VENESS 
sTU 
'.RATIO 
CHIN 
REGEN  0 


HOT  GIBE 
•»0 .  » 1 
- isa.;o 

1  . A* 

S.o5 

o.:8 

0.40 
0.*i 
20.47 
16*. 75 
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TABLE  54.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  50%  OF  DESIGN  THRUST  LEVEL 


ENGIFE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE  877. 5 


VAC 

ENGINE 

THRUST 

10008. 

DEL. 

VAC.  ISP 

479.8 

TOTAL  EMGIFC  FLOW  RATE 

20.8 

throat  area 

5.547 

NOZZLE  AREA 

RATIO 

1000.8 

ENGINE  MIXTURE  RATIO 

6.08 

chamber/nozzle  coolant 

DP 

703. 

chamber /nozzle  coolant 

DT 

598. 

eta 

C» 

0.993 

CHAMBER /NOZZLE  Q 

6528. 

ENGINE  STATION 

CONDITIONS 

*  FUEL  SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

2.  “8 

-  107.5 

4.27 

8.P.  EXIT 

52.5 

37.9 

2-98 

-  1  OS. 6 

4.28 

PUMP  INLET 

52  .5 

37.9 

2  .  Q8 

IBS. 6 

4.28 

1ST  STAGE  EXIT 

896.4 

51.0 

2.98 

-58.2 

4.36 

2ND  STAGE  EXIT 

1724-1 

to  3 . 4 

2 .  q8 

2.9 

4 .26 

PUMP  EXIT 

2555.4 

75.3 

2.08 

,  54.7 

4.57 

COLO  REGEN  IN 

2521-4 

75.4 

Z.  98 

56.7 

4.24 

COLD  REGEN  EX 

2502.1 

262 . 1 

2.98 

751.9 

1.55 

COOLANT  INLET 

2502. 1 

26Z .  1 

Z  •  98 

751.9 

1.55 

COOLANT  EXIT 

l  799.1 

851.6 

2.08 

2939.4 

8.38 

TBV  INLET 

1  770.9 

851.8 

0 . 94 

2939.4 

0.37 

TBV  EXIT 

1018.5 

856 . 6 

0 . 94 

2939.4 

0.22 

LOX  TR8  IFLET 

1770.9 

851.8 

2.04 

2939.4 

0.57 

LOX  TR8  EXIT 

1628.9 

839.0 

2.04 

2898.7 

0.35 

HZ  TR8  IFCET 

1628.9 

839.0 

2.04 

2898.7 

0.35 

HZ  TRB  EXIT 

1057. 4 

775.5 

2.04 

2654.1 

0.25 

HZ  TRB  OIFF 

1047.6 

775.6 

2.04 

2654.1 

0.25 

HZ  BST  TRB  IN 

1041.1 

775.6 

2.04 

2654.1 

0.24 

HZ  BST  TRB  EXIT 

1055.1 

774.8 

2.04 

2651.2 

0.24 

HZ  BST  TRB  DTFF 

1050.9 

774.9 

2.04 

2651.2 

0.24 

OZ  BST  TRB  IN 

1024.7 

774.9 

2.04 

2651.2 

0.24 

OZ  BST  TR8  EXIT 

1021 .8 

774.5 

2.04 

2649.7 

0-24 

CZ  BST  TRB  DIFF 

1021 .4 

774.5 

2.04 

2649.7 

0.24 

HZ  TANK  PRESS 

18.6 

806 . 6 

0.0020 

2740.7 

0.0044 

GOX  HEAT  EXCH  IN 

1018.3 

800.5 

2.04 

2748.7 

0.23 

GOX  HEAT  EXCH  OUT 

1015.5 

7<»9.8 

2.04 

2728.7 

0.23 

MOT  REGEN  IN 

1015.5 

7°o  .8 

2.04 

2728.7 

0.23 

HOT  REGEN  EX 

996.7 

514.2 

2.04 

1724.9 

0.35 

CSV  INLET 

7 

©20.3 

2  .  Q8 

2104.5 

0.29 

FSV  EXIT 

•*6  7 .  to 

0 20 . 4 

2 . 08 

2104.5 

0.28 

CHAMBER  INJ 

956.8 

»2Q  .5 

2 . 08 

2104.5 

0.28 

CHAMBER 

877.4 

«  OXYGEN  SYSTEM 

COND I T I ONS 

• 

STATION 

PRESS 

'EMP 

FLOW 

ENTHALPY 

OEMS  I  TV 

e.p.  inlet 

lto.0 

!  0  2 . 7 

17.00 

•  1.1 

71.17 

B.P.  EXIT 

t>4 . 7 

lo3.0 

17.00 

to  I  .2 

»'  1 . 18 

PUMP  INLET 

t>4. 7 

lo3.0 

17.00 

•  1.2 

71.18 

PUMP  EXIT 

1571.5 

170.8 

I  7. 00 

•6.8 

71.25 

OZ  TANK  PRESS 

l  o .  0 

400.0 

0.02 

204.8 

3.12 

POSV  INLET 

1564.5 

170.9 

o.87 

.8 

71.24 

POSV  EXIT 

1220.4 

172.1 

t>.87 

•6.8 

70.00 

CCV  INLET 

ISo4 . 5 

:  :  3  .  q 

11.30 

o».0 

71.34 

1CV  EXIT 

’05.8 

172.2 

11.00 

•to. 8 

70.27 

PRIMARY  INJ 

1  Uto.O 

172.2 

o.87 

•  6.8 

70.70 

SECONDARY  INJ 

«0O.  7 

::5.3 

11.30 

t>6.8 

70.24 

CHAMBER 

877.6 

alve  Data 

VALVE 

DELTA  p 

-PEA 

FlCW 

\  bypass 

TBV 

.  .  29 

0 . 04 

51  .42 

=GV 

.  ». 

.  ^28 

2  .  ’8 

rOSV 

;  lu . 

2  0  7 

o-87 

ocv 

3/6 

11.00 

FC ’  J  DATA 

*  F'.FL 

. 

J  « 

> I  HAW  / 

'.ECONO 

:elp  man  ; i . zs 

2.5  7 

:elp  inj  art.o; 

'H  . 

2  2-15 

AREA  I  . 05 

0.4J 

clow  :.•*  8 

3.8.' 

11.00 
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TABLE  54.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  50%  OF  DESIGN  THRUST  LEVEL 

(CONTINUED) 


■  T UR BONACH INCRY  PERFORMANCE  DATA  • 


•  H2  BOOST  TURBINE  • 

■  HZ  BOOST  PUMP 

■  ■ 

• 

EFFICIENCY 

0.64B 

EFFICIENCY 

0. 729 

HORSEPOWER 

8. 

HORSEPOWER 

8. 

SPEED  (RPM) 

2 7083 . 

SPEED  (RPM) 

Z  7083 . 

MEAN  DIA  UN) 

I.  JO 

S  SPEED 

2454. 

EFF  AREA  ( I M2 ) 

2.49 

HEAD  (FT) 

1115. 

U/C  (IDEAL) 

0.478 

DIA.  UN) 

Z.  18 

MAX  TIP  SPEED 

153. 

TIP  SPEED 

257. 

STAGES 

1. 

VOL .  FLOW 

306. 

DELIA  H  (ACT) 

2.87 

r-EAD  COEF 

3.541 

GAMMA 

I  .  45 

FLOW  COEF 

3.172 

PRESS  RATIO  (T/T) 

1.01 

«  H2  TURBINE 

* 

*  HZ  PUMP  *• 

STAGE  1  STAGE  Z 

STAGE  ONE  s 

TAGE  tWO 

STAGE  THREE 

Mt  mi 

EFFICIENCY 

0.690  0.713 

EFFICIENCY  0.646 

0.649 

0.652 

HORSEPOWER 

363.  121. 

HORSEPOWER  233. 

228. 

222. 

SPEED  (RPM) 

8162Z.  8I62Z. 

SPEED  (RPM)  81622. 

81622. 

81622. 

MEAN  DIA  C IN) 

2.78  Z.78 

S  SPEED  663. 

673. 

683. 

EFF  AREA  ( I NT ) 

0.31  0.40 

HEAD  (FT)  27819. 

27316. 

26753. 

U/C  (IDEAL) 

0.328  0.354 

DIA.  (IN)  3.43 

3.43 

3.43 

MAX  TIP  SPEED 

990.  990. 

TIP  SPEED  1221 . 

1221  . 

1221  . 

DELTA  H 

125 .  Ill. 

VOL.  FLOW  307. 

307. 

306. 

SAMMA  ( ACT ) 

1  -  45  1.45 

HEAD  COEF  0.600 

0.589 

0.578 

PRESS  RATIO(T/T 

1.34  1.37 

FLOW  COEF  0.076 

0.0  78 

0.079 

«  OZ  BOOST  TURBINE  « 

-  OZ  BOOST  PUMP 

•  • 

■ 

EFFICIENCY 

0.701 

EFFICIENCY 

0.729 

HORSEPOWER 

4. 

HORSEPOWER 

4  . 

SPEED  (RPM) 

7108. 

SPEED  (RPM) 

*8. 

“FAN  D I A  (IN) 

3  .  b8 

S  SPEED 

-  .-2 . 

£FF  AREA  (INC) 

3.60 

MEAD  (FT) 

19. 

U/C  (IDEAL) 

0.514 

DIA.  UN) 

2.44 

max  TIP  SPEED 

1  IS. 

’IP  SPEED 

77. 

STAGES 

1  . 

\rOL .  FLOW 

113. 

DELTA  H  (ACT) 

1  -SZ 

HEAD  COEF 

1 .542 

GAMMA 

1  .45 

cLOW  COEF 

3.172 

3RESS  RATIO  (T/T) 

i  l  .00 

*  02  TURBINE 

• 

«  02  PUMP  « 

EFFICIENCY 

0.704 

Ec= I C I ENCY 

3. 7C2 

HORSEPOWER 

141  . 

HORSEPOWER 

14  1. 

'.PEED  (RPM) 

53400. 

SPEED  (RPM) 

S3400 . 

MEAN  DIA  1  IN ) 

2 .78 

S  SPEED 

•  S84  . 

.  FF  AREA  < IN2  ) 

0.43 

-EAD  (FT) 

:o4i . 

;/C  (IDEAL) 

0.348 

S  .'  A  .  (IN) 

;  .  1 0 

max  TIP  SPEED 

b48  . 

'IP  SPEED 

-47. 

stages 

1  . 

-CL.  FLOW 

.13. 

DELTA  H  ( ACT  ) 

08.72 

~£AD  CCEF 

:  -4oo 

'.AMMA 

1  .45 

C_CW  COEF 

: .  M2 

»ess  ratio  ct •  - 

:  .09 

REGENERATOR  DATA 


COLD  SIDE 
?ELP  . 3  24 

. t  L  T  .8o./0 

AREA  3.41 

"LOW  -.»8 

• FCfcrrvfNEOs 

sTu 
PATIO 
'.MIN 
■■’EGEM  Q 


rOT  SIDE 
18.84 
-.85. S'* 

1 .4t> 
2.34 
3. 

■3 .  e2 
3  .  eS 
7.26 
7C.0S 
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TABLE  55.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  10%  OF  DESIGN  THRUST  LEVEL 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

173. 1 

VAC 

ENG  DC  THRUST 

2000- 

DEL. 

VAC.  ISP 

479.8 

TOTAL  ENGINE  FLOW  RATE 

4.2 

THROAT  AREA 

5547 

NOZZLE  AREA  RATIO 

1000.8 

ENGINE  MIXTURE 

RATIO 

6.88 

CHAMBER/NOZZLE 

COOLANT 

DP 

142. 

CHAMBER /NOZZLE 

COOLANT 

DT 

841. 

ETA 

C* 

0.993 

CHAMBER/NOZZLE 

Q 

1808. 

ENGINE 

STATION 

CONDITIONS 

•  FUEL  SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P-  INLET 

18 . 6 

37.4 

3.60 

-  187.5 

4.37 

BP.  EXIT 

22. 7 

27.4 

O.hO 

-187.2 

4.37 

PUMP  INLET 

22.7 

37.4 

O.oO 

- 107-2 

4.37 

1ST  STAGE  EXIT 

162.8 

41.1 

0.60 

-9*. 0 

4.32 

2ND  STAGE  EXIT 

299.4 

44 .2 

O.bO 

-83.1 

4.27 

PUE*»  EXIT 

432. 3 

47.3 

0.60 

-71.4 

4.23 

COLD  REGEN  IN 

431 .7 

47.3 

0.60 

-71.6 

4.23 

COLD  REGEN  EX 

428.9 

276.7 

0.60 

816.4 

0.29 

COOLANT  I>C£T 

428.9 

276.  ■ 

0.60 

816.4 

0.29 

COOLANT  EXIT 

286.9 

1118.1 

0-60 

2831.7 

O.OS 

TBV  INLET 

277.9 

1118.2 

0.37 

3831.7 

0.05 

TBV  EXIT 

207.8 

1118.7 

0.3? 

3831.7 

0.02 

LOX  TRB  IH.ET 

277.9 

1118.2 

0.23 

3831.7 

0.05 

LOX  TRB  EXIT 

263.3 

1112.0 

0.23 

2889.7 

0.04 

H2  TRB  IU.ET 

263.3 

1112.0 

0.23 

3809.7 

0.04 

HZ  TRB  EXIT 

211.2 

1085.8 

0 .23 

3717.4 

0.04 

HZ  TRB  DIFF 

210.3 

1085.8 

0.23 

3717.4 

0.04 

HZ  BST  TRB  IN 

209.7 

1085.8 

0.23 

3717.4 

0.04 

HZ  BST  TRB  EXIT 

209.2 

1085.6 

0.23 

3714.5 

0.04 

HZ  BST  TRB  DIFF 

208.8 

1085.6 

0.23 

27/4.5 

0.04 

OZ  BST  TRB  IN 

208.3 

1085.6 

0.23 

3714.5 

0.04 

02  BST  TRB  EXIT 

208.1 

1085.5 

0.23 

3716.1 

0.04 

OZ  BST  TRB  DIFF 

208.0 

1085.5 

0.23 

3716.1 

0.04 

H2  taw<  press 

18.6 

1107.3 

3.0004 

3787.1 

0.0032 

GOX  HEAT  EXCH  IN 

207.8 

1105.0 

0.23 

3787.1 

0.04 

GOX  ►CAT  EXCH  OUT 

207.5 

1104.8 

0-22 

3783.3 

0.04 

HOT  REGEN  IN 

207.5 

1104.8 

0.23 

3783.3 

0.04 

HOT  REGEN  EX 

205.0 

440.8 

3.22 

1482-7 

0.09 

FSV  INLET 

205.9 

857.8 

3 .  oO 

2925-1 

0.04 

FSV  EXIT 

108.1 

857.9 

3  .  b  0 

2925.1 

0.04 

CHAMBER  IMJ 

105.2 

85  7.9 

O.bQ 

2925.1 

0.04 

CHAMBER 

173.1 

«  OXYGEN  SYSTEM 

CONDITIONS 

, 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

1*2. 7 

3.59 

*1.1 

71.17 

B.P.  EXIT 

21.6 

lt>2 . 7 

3.59 

*1.1 

71.17 

Pure  INLET 

21.6 

1®2. 7 

3.59 

61.1 

71.17 

PUMP  EXIT 

203. b 

i  o5 . 1 

3.59 

*2.5 

71  .03 

OZ  TANK  PRESS 

16.0 

400.0 

3.01 

204.8 

0.12 

POSV  INLET 

293.3 

lo5. 1 

2.8? 

*2.5 

71.02 

POSV  EXIT 

234.6 

loS.4 

2.8? 

•2.5 

70.93 

OCV  INLET 

295.3 

1*5. 1 

3.  70 

*2.5 

71.03 

ncv  exit 

173.2 

I  ?5 .  & 

3  .  70 

•2.5 

70.83 

PRIMARY  INJ 

223.4 

1 1>5 . 4 

2.8  7 

*2.5 

70.92 

SECONDARY  INJ 

1  73.2 

1  o5  .  t» 

3 .  ;o 

*2 .5 

70.83 

CHAMBER 

173.1 

VALVE  CAT  a 

VALVE 

DELTA  p 

=  LSW 

X  BYPASS 

TBV 

• 

37 

*1.41 

FSV 

1 0 

POSV 

.  -  ■*  1 

a  ; 

rev 

'  'll 

3.  70 

:**  ie  :’ 

"'R  Cat  a 

*  P'.EL 

« 

:*id  ’ 

-'0  IMAP V 

'.ECOND 

CELP  MAN  Z . °8 

3.01 

2ELP  INJ  .  => .  JZ 

* 

: .  39 

AREA  1  05 

:.a 

i; 

3.41 

FLOM  0-60 

2  .  H 

17 

3.70 
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TABLE  55.  -  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  10%  OF  DESIGN  THRUST  LEVEL 

(CONTINUED) 


■  TURBQMACHINERY  PERFORMANCE  DATA  • 


•  K2  BOOST  TURB1ME  ■  ■  M2  BOOST  PUW>  • 


EFFICIENCY 

0.301 

EFFICIENCY 

iaaa 

0.543 

HORSEPOWER 

0. 

HORSEPOWER 

0. 

SPEED  (RPH) 

8140. 

SPEED  (RPM) 

8140. 

MEAN  DIA  UN) 

1.50 

S  SPEED 

1632. 

EFF  AREA  ( IN2  ) 

2.4* 

►CAD  (FT) 

133. 

U/C  (IDEAL) 

0.478 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

44. 

TIP  SPEED 

77. 

STAGES 

1. 

VOL.  FLOW 

61  . 

DELTA  M  (ACT) 

0.81 

HEAD  COEF 

0.712 

GAMMA 

1  .40 

FLOW  COEF 

0.115 

PRESS  RATIO  (T/T) 

1.01 

•  H2  TURBINE 

a 

a 

■  M2  PUMP  • 

STAGE  1 

STAGE  2 

STAGE  ONE 

STAGE  TWO 

STAGE  T>*EE 

EFFICIENCY 

0.371 

0.417 

EFFICIENCY  0.489 

0.495 

0.502 

NOR SEP ONER 

14. 

14. 

HORSEPOWER  10. 

10. 

10. 

SPEED  (RPH) 

52027. 

52027. 

SPEED  (RPM)  32027. 

32027. 

32027. 

►CAN  DIA  (IN) 

2.78 

2.78 

S  SPEED  448. 

455. 

444. 

EFF  AREA  CIN2) 

0.31 

0.40 

HEAD  (FT)  4453. 

4580. 

4498. 

U/C  (IDEAL) 

0.149 

0.173 

DIA.  (IN)  3.43 

3.43 

3.43 

MAX  TIP  SPEED 

388. 

388. 

TIP  SPEED  479. 

479. 

479. 

DELTA  N 

50. 

42. 

VOL.  FLOW  42. 

63. 

63. 

GAMMA  (ACT) 

1  .40 

1  .40 

HEAO  COEF  0.652 

0.442 

0.431 

PRESS  RATIO! T/T 

1.34 

1.37 

FLOW  COEF  0.039 

0.040 

0.042 

■  02  BOOST  TURBINE  • 

•  02  BOOST  PUMP  • 

EFFICIENCY 

0.522 

EFFICIENCY 

0.534 

HORSEPOWER 

0. 

HORSEPOWER 

0. 

SPEED  (RPH) 

2117. 

SPEED  (RPM) 

2117. 

MEAN  DIA  (IN) 

3.48 

S  SPEED 

1633. 

EFF  AREA  ( [N2 ) 

3.40 

HEAD  (FT) 

1 1 . 

U/C  (IDEAL) 

0.514 

DIA.  (IN) 

2.44 

MAX  UP  SPEED 

34. 

TIP  SPEED 

23. 

STAGES 

1  . 

VOL.  FLOW 

23. 

DELTA  H  (ACT) 

0.42 

HEAD  COEF 

0.717 

GAMMA 

1  .40 

FLOW  COEF 

0.117 

PRESS  RATIO  (T/T) 

1.00 

•  02  TURBINE 

a 

a 

•  02  PUMP  ■ 

EFFICIENCY 

0.371 

EFFICIENCY 

0.502 

HORSEPOWER 

7. 

HORSEPOWER 

7. 

SPEED  (RPM) 

21785. 

SPEED  (RPM) 

21785. 

MEAN  DIA  ( IN) 

2.78 

S  SPEED 

*>11  . 

EFF  AREA  ( IN2  ) 

0.43 

HEAD  (FT) 

552. 

U/C  (IDEAL) 

0.153 

DIA.  (IN) 

1  .  92 

MAX  TIP  SPEEO 

244. 

TIP  SPEED 

182. 

STAGES 

1. 

VOL.  FLOW 

22. 

OELTA  H  (ACT) 

21.98 

HEAD  CCEF 

0.524 

GAMMA 

1.40 

FLOW  COEF 

0.055 

PRESS  RATIO  I T/T ) 

1  .04 

REGENERATOR  DATA 


COLD 

SIDE 

HOT  SIDE 

DELP 

2.82 

1.60 

DEL  T 

2. 

29.44 

-654.98 

AREA 

0.41 

I  .46 

FLOW 

0.60 

0.23 

EFFECTIVENESS 

0 . 62 

NTU 

1.18 

CRATIO 

0.35 

CM  IN 

0.81 

REGEN  0  530.04 
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TABLE  56.  —  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  5%  OF  DESIGN  THRUST  LEVEL 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMER  PRESSURE 

VAC  ENG1»C  THR IBT  IBM. 

DEL.  VAC.  ISP  471.5 

TOTAL  ENGIKC  FL OH  RATE  M 

TVROAT  AREA  5.547 

NOZZLE  AREA  RATIO  100R.B 

ENGIIC  MIXTURE  RATIO  6.88 

CHATTER /NOZZLE  COOLANT  OP  51. 

CHAMBER/NOZZLE  COOLANT  DT  924. 

ETA  C»  O.ffl 

CHAMBER /NOZZLE  Q  451. 


ENGINE  STATION  CONDITIONS 


■  FUEL 

SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEW> 

FLON 

ENTHALPY 

B.P.  INLET 

18.4 

17.4 

0.10 

-187.5 

B.P.  EXIT 

20.1 

37.4 

0.10 

-187.4 

PU»*»  INLET 

20.1 

17.4 

0.10 

-187.4 

1ST  STAGE  EXIT 

78.0 

34.4 

0.10 

-181.5 

2ND  STAGE  EXIT 

114.4 

41.0 

0.10 

-45.8 

PUMP  EXIT 

189.8 

42.6 

0.10 

-48.2 

COLO  REGEN  IN 

189.4 

42.6 

0.10 

-4B.2 

COLD  REGEN  EX 

188.2 

276.7 

0.10 

•  18.8 

COOLANT  IICET 

188.2 

276.7 

o 

v> 

o 

•  18.8 

COOLANT  EXIT 

115.2 

1205.5 

0.10 

4112.8 

TBV  IfCET 

130.1 

1205.4 

0.21 

4122.8 

TBV  EXIT 

104.7 

1205.8 

0.21 

4122.8 

LOX  TRB  I1CET 

110. 1 

1205.6 

0.04 

4122.8 

LOX  TRB  EXIT 

124.4 

1201.7 

0.09 

4119.1 

M2  TRB  INJET 

124.4 

1201.7 

0.09 

4119.1 

M2  TRB  EXIT 

104.0 

1186.1 

0.04 

4844.1 

K2  TRB  DIFF 

105.7 

1186-1 

0.04 

4844.1 

M2  BST  TRB  IN 

105.5 

1186.1 

0.09 

4844.1 

K2  BST  TRB  EXIT 

105.1 

1186.0 

0.04 

4842.4 

H2  BST  TRB  DIFF 

105.1 

1186.0 

0.04 

4842.4 

02  BST  TRB  IN 

104.4 

1186.0 

0.10 

4842.4 

02  BST  TRB  EXIT 

104.8 

1185.9 

0.  to 

4842.4 

02  BST  TRB  DIFF 

104.8 

1185.4 

0. 10 

4842.4 

H2  TAUT  PRESS 

18.4 

1200.2 

0.0002 

4111.2 

GOX  tfAT  EXCH  IN 

104.7 

1199.6 

0.09 

4111.2 

LOX  MEAT  EXEH  OUT 

104.7 

1198.3 

0.09 

4184.5 

HOT  REGEN  IN 

104.7 

1198.3 

0.09 

4104.5 

HOT  REGEN  EX 

104.1 

371.8 

0.09 

1)98.0 

FSV  INLET 

104.1 

942  ' 

0.10 

3215.6 

FSV  EXIT 

49-8 

94^ 

0.30 

HIS.* 

CHAMBER  1NJ 

•>8.2 

942 

0.30 

3215.6 

CHAMBER 

44.0 

■  OXYGEN  SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEMP 

FLON 

ENTHALPY 

3.P.  IM.ET 

16.0 

162.7 

1  .  79 

61.1 

8.P.  EXIT 

17.0 

162.7 

1.79 

61.1 

PUMP  I KLET 

17.0 

162.7 

1.79 

61.1 

P188>  EXIT 

112.4 

164.0 

1 .79 

61.8 

0?  TAMC  PRESS 

16.0 

400.0 

0.00 

204.8 

POSV  IN_ET 

132.1 

164.0 

1  .  78 

61.8 

POSV  EXIT 

109.8 

164.1 

1  .  78 

61.8 

OCV  INLET 

132.3 

164.0 

0.01 

61.8 

OCV  EXIT 

86.0 

1&4.2 

0-01 

61 .8 

PRIMARY  INJ 

105.5 

164.1 

1  .  78 

61.8 

SECONDARY  INJ 

86.0 

164.2 

0.01 

61 .8 

C'tAWER 

86.2 

VALVE  DATA 

VALVE 

DELTA  P 

AREA 

FLOW 

t  Bypass 

TBV 

25. 

1.484 

0.21 

68.81 

FSV 

c.  . 

1  .528 

0.30 

POSV 

25. 

0.0*7 

l  .  78 

OCV 

46  . 

3.000 

0.01 

injector  Data 

•  Fuel 

• 

*  OX  ID 

• 

PP [MARY 

SECOND 

OELP  MAN  1.41 

2 

.5 

0 . 00 

DELP  INJ  10.42 

1  « 

;  i 

0 . 00 

AREA  1 . 05 

J 

17 

0.41 

FLON  0.30 

l 

.rt 

0.01 

DENSITY 

4.17 

4.17 

4.17 
4.14 
4.10 
4.Z7 
4.27 
0.11 
0.11 
0.02 
0.0 2 
0.02 
0.02 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.02 
0.02 
0.02 
0.02 
0.0024 
0.02 
0.02 
0.02 
0.05 
0.02 
0.02 
0.02 


DENSITY 

71.17 

71.17 

71.17 

71.07 

0.12 

71.07 

71.01 

71.07 

70.44 

71.02 

70.44 
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TABLE  56.  -  ADVANCED  ENGINE  PARAMETRIC  STUDY  FULL-EXPANDER 

ENGINE  WITH  A  HYDROGEN  REGENERATOR  5%  OF  DESIGN  THRUST  LEVEL 

(CONTINUED) 


•  Tt*BCMA£MIICRY  PERFORMANCE  DATA  ■ 


■  H2  Bt  *AT  TURS IIC  •  ■  M2  BOOST  PUMP  ■ 


EFFICIENCY 

8.28* 

EFFICIENCY 

0.448 

HORSEPOWER 

8. 

HORSEPOWER 

0. 

SPEED  (RPN) 

«;«. 

SPEED  (RPM) 

4788. 

MEAN  DIA  (IN) 

1.58 

S  SPEE"» 

1426. 

EFF  AREA  ( IH2  ) 

2.48 

HEAD  (FT) 

69. 

U/C  (IDEAL) 

0.478 

DIA.  UN) 

2.18 

MAX  TIP  SPEED 

27. 

TIP  SPEED 

46. 

STAGES 

1. 

VOL.  FLOW 

31. 

DELTA  H  (ACT) 

0.44 

HEAD  COEF 

0.765 

GAMMA 

1.57 

FLOW  COEF 

0.097 

PRESS  RATIO  (T/T 

)  1.81 

•  M2  TURBINE 

!• 

■ 

•  H2  PUMP 

■ 

■ 

STAGE  1 

STAGE  2 

STAGE  ONE 

STAGE  TWO 

STAGE  THREE 

EFFICIENCY 

8.275 

0.315 

EFFICIENCY  0.418 

C.423 

0.430 

HORSEPOWER 

4. 

3. 

HORSEPOWER  2. 

2. 

2. 

SPEED  (RPM) 

28528. 

20528. 

SPEED  (RPM)  20528. 

20529. 

20529. 

MEAN  DIA  (IN) 

2.78 

2.7 8 

2  SPEED  384. 

400. 

407. 

EFF  AREA  (IM2) 

8.51 

0.40 

HEAD  (FT)  1915. 

1886. 

1855. 

U/C  (IDEAL) 

0.104 

0.125 

DIA.  UN)  3.43 

3.43 

3.43 

MAX  TIP  SPEED 

248. 

248. 

TIP  SPEED  307. 

307. 

307. 

DELTA  H 

50. 

25. 

VOL.  FLOW  51. 

31. 

31. 

GAMMA  (ACT) 

1.57 

1.37 

HEAD  COEF  0.655 

0.644 

0.633 

PRESS  RAT IO( T/T 

1.54 

1.37 

FLOW  COEF  0.031 

0.031 

8.032 

»  02  BOOST  TIMIIC  • 

•  02  BOOST  PUMP  ■ 

EFFICIENCY 

0.158 

EFFICIENCY 

3.601 

HORSEPOWER 

8. 

HORSEPOWER 

0. 

SPEED  (RPM) 

854. 

SPEED  (RPM) 

934. 

MEAN  DIA  (IN) 

3.48 

S  SPEED 

1836. 

EFF  AREA  UN2) 

3.60 

HEAD  (FT) 

2 . 

U/C  (IDEAL) 

0.514 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

15. 

TIP  SPEED 

10. 

STAGES 

1 . 

VOL.  FLOW 

11. 

DELTA  H  (ACT) 

0.18 

HEAD  COEF 

0.667 

GAMMA 

1.37 

FLOW  COEF 

0.133 

PRESS  RATIO  (T/T) 

1  .00 

■  02  TURBIlt 

• 

a 

•  02  PUMP  • 

EFFICIENCY 

0.271 

EFFICIENCY 

0.423 

HORSEPOWER 

2. 

HORSEPOWER 

2 . 

SPEED  (RPM) 

14144. 

SPEED  (RtM) 

14146 

MEAN  DIA  (IN) 

2.78 

S  SPEED 

796. 

EFF  AREA  ( IN2 ) 

0.4J 

HEAD  (FT) 

234. 

U/C  (IDEAL) 

0.  108 

DIA.  (IN) 

1.92 

MAX  TIP  SPEED 

172. 

TIP  SPEED 

1 18. 

STAGES 

1. 

VOL.  FLOW 

1  1  . 

DELTA  H  (ACT) 

13.48 

HEAD  COEF 

0.537 

GAMMA 

1.37 

FLOW  COEF 

0.042 

PRESS  RATIO  i T/T ) 

l  .04 

FEGOCRATOR  DATA 


'"OLD  SIDE 
DELP  I . 45 

DELT  234. 08 

AREA  0.41 

FLOW  0 .  SO 

EFFECTIVENESS 
NTU 
CRATIO 
CHIN 
REGEN  Q 


HOT  SIDE 
0.56 
-826.44 
1.46 
0  ^9 


1  .54 
0.28 
0.33 
“’I  -56 
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APPENDIX  D 

OFF-DESIGN  MIXTURE  RATIO  CYCLES 

Off- design  mixlure  ratio  cycle  data  arc  presented  in  Tables  57  through  6X. 
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TABLE  57.  —  SPLIT-EXPANDER  CYCLE  —  0/F  -  5.0 


ENGINE  PERFORMANCE  PARAfCTEKS 

CHAMBER  PRESSURE 

1370.7 

VAC  1 

Engine  thrust 

1647*. 

DEL. 

VAC .  I SP 

477.1 

total  engine  flow  rate 

34  5 

THROAT  AREA 

4.071 

NOZZLE  AREA  RATIO 

1000 . 0 

ENGINE  MIXTURE 

RATIO 

5.00 

CHAMBER /NOZZLE 

COOLANT 

OP 

447. 

CHAMBER /NOZZLE 

COOLANT 

DT 

790. 

ETA  O 

0.993 

CHAMBER /NOZZLE 

Q 

8509. 

ENGINE 

STATION 

CHOI  T I OKS 

•  FUEL  SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

S .  76 

-107.5 

4.37 

B.P.  EXIT 

*3.0 

38.4 

S .  76 

-103.4 

4.39 

PUMP  INLET 

*3.0 

38.4 

S .  76 

-103.4 

4.39 

1ST  STAGE  EXIT 

191*. 6 

66.6 

S .  76 

17.5 

4.36 

J8V  INLET 

1878.8 

66.9 

2.88 

17.5 

4 . 33 

JBV  EXIT 

ISA  7. * 

69.4 

2.88 

17.5 

4.09 

ZNO  STAGE  exit 

3070.  1 

84.9 

2.88 

96.6 

4.34 

PUMP  EXIT 

4185.3 

102.? 

2.88 

172.8 

4.35 

COOLANT  INLET 

*140. S 

102.6 

2.88 

172.8 

4.33 

COOLANT  EXIT 

3673.7 

892. S 

2.88 

3126.5 

0. 70 

TBV  INLET 

3639. 2 

892.7 

0.03 

3126.5 

0.70 

TBV  EXIT 

1618 .4 

906.1 

0.03 

3126.5 

0.32 

LOX  TRB  INLET 

3639. 2 

892.7 

2.8S 

3126.5 

0.70 

LOX  TRB  EXIT 

3Z04 . 7 

869.9 

2.85 

3036.0 

0.63 

HZ  TRB  INLET 

3Z04 . 7 

869.9 

2.8S 

3034.0 

0.63 

HZ  TRB  EXIT 

17ZI.6 

766.1 

2.85 

2634.8 

0.40 

HZ  TRB  DIFF 

1701 .8 

766.2 

2.85 

2634.8 

0.40 

HZ  BST  TRB  IN 

1683.2 

766.3 

2.85 

2634.8 

0.3* 

MZ  BST  TRB  EXIT 

166Z.0 

764.1 

2.85 

2426.5 

0.39 

tc  BST  TRB  DlFF 

16S7.4 

764.1 

2.85 

2624.5 

0.39 

OZ  BST  TRB  IN 

163*. 2 

764.2 

2  -«5 

2426.5 

0.38 

OZ  BST  TRB  EXIT 

1628.0 

763.0 

2 .85 

2422 . 1 

0.38 

OZ  BST  TRB  DIFF 

16Z7.3 

763.0 

2.85 

2622.1 

0.38 

HZ  TANK  PRESS 

18.6 

IT  4.Z 

8.00*0 

2*27 . 1 

0.0045 

GOX  HEAT  EXCH  IN 

1618. 4 

764. S 

2.85 

2627.1 

0.38 

GOX  HEAT  EXCH  OUT 

1610.4 

763.9 

2. 85 

2424.8 

0.38 

MIXER  HOT  IN 

1610.4 

763.9 

2-85 

2424.8 

0.38 

MIXER  COLD  IN 

1S47.9 

69.4 

2.88 

17.5 

4.09 

MIXER  OUT 

1S30-8 

402.0 

5.76 

1314.6 

0.67 

FSV  INLET 

1S30.8 

402.0 

5.76 

1314.6 

0.67 

FSV  EXIT 

14*1  .* 

402.’ 

5.76 

1314.6 

0  .  *5 

CHAMBER  1NJ 

1476.7 

402. 1 

5.76 

1314.4 

0  .  b4 

CHAMBER 

1371 . 1 

■  OXYGEN  SYSTEM  COWITIONS  - 

STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

28.83 

61.9 

70  .  ** 

B.P.  EXIT 

138.7 

16S.4 

28.83 

62.4 

70.83 

PUMP  INLET 

138.7 

16S.4 

28.83 

62.4 

70 .83 

PUMP  EXIT 

2647.8 

177.8 

28.83 

71.3 

71.24 

OZ  TANK  PRESS 

16.0 

400.0 

0.05 

204 . 7 

0.12 

POSV  INLET 

Z630.8 

1  77.8 

6.09 

71.3 

71.22 

POSV  EXIT 

1627.3 

181.7 

6.09 

71.3 

69.63 

OCV  INLET 

2630. 8 

177.8 

72.48 

71.3 

71.22 

OCV  EXIT 

1481  .8 

182.3 

22.68 

71.3 

69.40 

PRIMARY  INJ 

1S80.4 

181  .9 

6.09 

71.3 

6*56 

SECONDARY  INJ 

1461  .S 

182.4 

22.68 

71.3 

69.3b 

CHAMBER 

1370.6 

VALVE  DATA 

VAt  VE 

DELTA  P 

AREA 

FLO 

t  BYPASS 

J8V 

348. 

0.114 

2.88 

50.00 

TBV 

ZOZI  . 

0  .  ooz 

0.03 

1 .00 

FSV 

3  *  . 

1 .6S4 

5.74 

POSV 

1004  . 

0.034 

4.09 

orv 

114*. 

0.119 

22.48 

iNJf  C 

TOR  DATA 

■  FUEL 

• 

•  OX  ID  • 

PRIM 

AMY 

SECOND 

OF  l  P  MAN  IS  .  ?b 

Z  J  - 

:  i 

10.09 

OF  l  P  INJ  *0.1* 

2  0* 

H  9 

90.  77 

AMf  A  |.1< 

0 

OH 

0.43 

FLOW  S.7b 

b  . 

0  A 

72.68 
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TABLE  57 


SPLIT-EXPANDER  CYCLE  —  0/F  =  5.0  (CONTINUED) 


*  TURBOHACHf NERV  PERFORMANCE  DATA  • 


■  M2  BOOST  TURBINE  * 


EFFICIENCY 

0.867 

HORSEPOWER 

33. 

SPEED 

(RPM) 

<.4201  . 

MEAN  DIA 

(  IN) 

1.90 

EFF  AREA 

(  IN2) 

1.45 

U/C  1 1  DEAL ) 

0.512 

MAX  TIP  SPEED 

366. 

STAGES 
delta  h 

I  ACT ) 

1. 

8.29 

GAMMA 

1.41 

PRESS  RATIO  ( T/T 1 

1.01 

«  H2  BOOST  PUMP  • 


EFFICIENCY 

0.765 

HORSEPOWER 

33. 

SPEED  (RPM) 

44201 . 

S  SPEED 

3088. 

HEAD  (FT) 

2443. 

DIA.  (IN) 

2.18 

TIP  SPEED 

420. 

VOL.  FLOW 

589. 

HEAD  COEF 

0.445 

FLOW  COEF 

0.203 

■  M2  TURBINE  ■ 


H2  PUMP  • 


STAGE  1 

STAGE  2 

STAGE  ONE 

STAGE  TWO 

«> 

EFFICIENCY 

0.818 

0.8)6 

EFFICIENCY 

0.640 

0.619 

HORSEPOWER 

1619. 

1619. 

HORSEPOWER 

986. 

323. 

SPEED  (RPM)  1 

18310. 

118310. 

SPEED  (RPM) 

1 18310. 

118310. 

MEAN  DIA  (IN) 

3.47 

3.47 

S  SPEED 

750. 

749. 

EFF  AREA  CIN2) 

0.21 

0.27 

HEAD 

(FT) 

60268 . 

38125. 

U/C  (IDEAL) 

0.515 

0.506 

DIA. 

(IN) 

3.68 

3.02 

MAX  TIP  SPEED 

1792. 

1792. 

TIP  SPEED 

1904. 

1558. 

DELTA  H 

197. 

204. 

VOL. 

FLOW 

594. 

298. 

GAMMA'  (ACT) 

1  .4) 

1.41 

HEAD 

COEF 

0.535 

0.505 

PRESS  RATIOfT/T 

1.33 

1.35 

FLOW 

COEF 

0.094 

0.094 

■  02  BOOST  TURBINE  « 

•  02 

BOOST  PUMP  « 

EFFICIENCY 

0.860 

EFFICIENCY 

0.732 

HORSEPOWER 

18. 

HORSEPOWER 

18. 

SPEED  (RPM) 

11472. 

SPEED 

(RPM) 

11472. 

MEAN  DIA  (IN) 

5.21 

S  SPEED 

2470. 

EFF  AREA  (IN2) 

2.02 

HEAD 

CFD 

250. 

U/C  (IDEAL) 

0.512 

DIA. 

(IN) 

2.44 

MAX  TIP  SPEED 

261. 

TIP  SPEED 

122. 

STAGES 

1. 

VOL.  FLOW 

183. 

DELTA  H  (ACT) 

4.43 

HEAD  COEF 

0.537 

GAMMA 

1  .41 

FLOW  COEF 

0.173 

PRESS  RATIO  (T/T) 

1.01 

•  02  TURBINE  ■ 

■  02  PUMP  ■ 

EFFICIENCY 

0.824 

EFFICIENCY 

0.728 

HORSEPOWER 

365. 

HORSEPOWER 

365. 

SPEED  (RPM) 

70756. 

SPEED  (RPM) 

70756. 

MEAN  DIA  (IN) 

3.47 

S  SPEED 

1587. 

EFF  AREA  (IN2) 

0.25 

HEAD  (FT) 

5070. 

U/C  (IDEAL) 

0.457 

DIA.  (IN) 

1 .92 

MAX  TIP  SPEED 

1072. 

TIP  SPEED 

592. 

STAGES 

1. 

VOL.  FLOW 

182. 

DELTA  M  (ACT) 

90.48 

HEAD  COEF 

0.465 

GAMMA 

l  .41 

FLOW  COEF 

0.131 

PRESS  RATIO  (T/T) 

1.14 

STAGE  THREE 


0.62  A 
310. 
1  18310  . 
765 . 
36980 . 
3.02 
1558. 
297. 
0.490 
Q.09S 
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TABLE  58. 


SPLIT-EXPANDER  CYCLE  -  0/F  =  5.5 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1522.7 

VAC  ENGINE  THRUST 

16600 . 

DEL.  VAC.  ISP 

A 79 . 0 

TOTAL  ENGINE  FLOW  RATE 

38.8 

THROAT  AREA 

6.071 

NOZZLE  AREA  RATIO 

1000.0 

ENGIFt  MIXTURE  RATIO 

5  .so 

CHAMBER/NOZZLE  COOLANT 

DP 

525. 

chamber/nozzle  COOLANT 

DT 

886. 

ETA  C- 

0.993 

chamber/nozzle  q 

9849. 

ENGItC  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  inlet 

18.6 

37.4 

5.98 

-107.5 

B.P.  EXIT 

100.2 

38.5 

5.98 

-103.0 

PUMP  INLET 

100.2 

38.5 

5.98 

-103.0 

1ST  STAGE  EXIT 

2104.4 

69.3 

5.98 

29.5 

JBV  IHlET 

2060.5 

69.7 

2.99 

29.5 

JBV  EXIT 

1712.9 

72.3 

2.99 

29.5 

2ND  STAGE  EXIT 

3368.4 

89.3 

2.99 

116.3 

PUH*  EXIT 

A596.1 

108.2 

2.99 

199.9 

COOLANT  INLET 

A5A8.1 

108.6 

2.99 

199.9 

COOLANT  EXIT 

A023.2 

995.0 

2.99 

3494.2 

TBV  INLET 

3985.3 

995.3 

0.03 

3494 . 2 

TBV  EXIT 

1789.7 

1010.5 

0.03 

3494 .2 

LOX  TRB  INLET 

3985.3 

995.3 

2.96 

3494.2 

LOX  TR8  EXIT 

3510.0 

970.0 

2.96 

3394.2 

K2  TRB  INLET 

3510.0 

970.0 

2.96 

3394.2 

H2  TRB  EXIT 

1902.0 

855.2 

2.96 

2954.  A 

H2  TRB  DIFF 

1880. A 

855.4 

2.96 

2954.4 

H2  BST  TRB  IN 

1860.2 

855.5 

2.96 

2954.4 

H2  BST  TRB  EXIT 

1837.1 

853.1 

2.96 

2945.3 

H2  BST  TRB  DIFF 

1832.1 

853.1 

2.96 

2945.3 

G2  BST  TRB  IN 

1812.4 

853.2 

2.96 

2945.3 

02  BST  TRB  EXIT 

1800.2 

851.9 

2.96 

2940.4 

02  BST  TRB  DIFF 

1799.4 

851.9 

2.96 

2940.4 

H2  TANK  PRESS 

18.6 

865.0 

0.0056 

2946.0 

GOX  FEAT  EXCH  IN 

1789.7 

853.6 

2.96 

2946.0 

GOX  HEAT  EXCH  OUT 

1781.0 

852.9 

2.96 

2943.5 

MIXER  HOT  IN 

1781.0 

852.9 

2.96 

2943.5 

MIXER  COLD  IN 

1712.9 

72.3 

2.99 

29.5 

HIXER  OUT 

1694.5 

44A.7 

5.97 

1479.2 

FSV  INLET 

1694.5 

44A.7 

5.97 

1479.2 

FSV  EXIT 

1652 . 6 

44A.8 

5.97 

1479.2 

CHAMBER  INJ 

1636.2 

444.9 

5.97 

1479.2 

CHAMBER 

1522.7 

■  OXYGEN  SYSTEM 

CONDITIONS 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  IFEET 

16.0 

162.7 

32.91 

61  .9 

B.P.  EXIT 

143.0 

165.3 

32.91 

62.4 

PUMP  INLET 

143.0 

165.3 

32.91 

62.4 

PI##*  EXIT 

2698.8 

177.7 

32.91 

71.4 

02  TANK  PRESS 

16.0 

400.0 

0.06 

204.7 

POSV  INLET 

2676.7 

2  77.8 

5.84 

71.4 

POSV  EXIT 

17S7.3 

181.3 

5.84 

71.4 

OCV  INLET 

2676.7 

177.8 

27.02 

71.4 

OCV  EXIT 

1679.6 

181 .6 

27.02 

71  .4 

PRIMARY  INJ 

1714.5 

181  .5 

5. 84 

71.4 

SECONDARY  INJ 

1651.0 

181 . 7 

27.02 

71.4 

CHAMBER 

1522.7 

VALVE  DATA 

VALVE 

DELTA  P 

AREA 

flow 

X  BYPASS 

JBV 

366. 

0.115 

2.99 

50 . 00 

TBV 

2196. 

0.002 

0.03 

1 .00 

FSV 

42  . 

1  .  654 

5.97 

POSV 

919. 

0.034 

5.04 

OCV 

997. 

0.152 

27.02 

INJECTOR  DATA 


■  FUEL  • 

• 

OX  ID  ■ 

PRIMARY 

SECOND 

DELP 

MAN 

17.03 

21-51 

14.25 

DELP 

INJ 

96.49 

191.80 

128.26 

AREA 

1  .  14 

0.08 

0.43 

FLOW 

5.97 

5.84 

27.02 

DENSITY 
4.37 
A. 39 
A. 39 
A. 36 
A. 33 
A  .09 
A  .  3A 
A. 36 
A.3A 
0.69 
0.69 
0.32 
0.69 
0.63 
0.63 
O.AO 
0.39 
0.39 
0.38 
0.38 
0.38 
0.38 
0.38 
0.0041 
0.38 
0.37 
0.37 
A. 09 
0.66 
0.66 
0.65 
0. 6A 


DENSITY 
70.99 
70. 8A 
70. 8A 
71.31 
0.12 
71  .27 
69.83 
71.27 
69.70 
69.76 
69.66 
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TABLE  58.  —  SPLIT-EXPANDER  CYCLE  —  0/F  =  5.5  (CONTINUED) 


•  TU«BOMACHI*tRY  PERFORMANCE  DATA  ■ 


*  H2  BOOST  TURBINE  *  *  H2  BOOST  PUMP  ■ 


EFFICIENCY 

0.865 

EFFICIENCY 

0.765 

HORSEPOWER 

58. 

HORSEPOWER 

38. 

SPEED  (RPM) 

46114. 

SPEED  (RPM) 

46114. 

MEAN  DJA  (IN) 

1.90 

S  SPEED 

5062. 

EFF  AREA  ( IN2 ) 

1.45 

HEAD  (FT) 

2679. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2-18 

MAX  TIP  SPEED 

582. 

TIP  SPEED 

438. 

STAGES 

1  . 

VOL.  FLOW 

611  . 

DELTA  H  (ACT) 

9.09 

HEAD  COEF 

0.449 

GAMMA 

1.45 

FLOW  COEF 

0.202 

PRESS  RATIO  (T/T) 

I  .01 

*  H2  TURBINE 

• 

■  H2  PUMP  ■ 

STAGE  1 

STAGE  2 

STAGE  one 

STAGE  TWO 

STAGE  iHKEE 

EFFICIENCY 

0.8)6 

0.816 

EFFICIENCY  0.64) 

0.620 

0.625 

HORSEPOWER 

1842. 

1842. 

HORSEPOWER  1121. 

367. 

354. 

SPEED  (RPM)  125580. 

123580. 

SPEED  (RPM)  123580 . 

123580. 

123580. 

MEAN  DIA  (IN) 

5.47 

3.47 

S  SPEED  744. 

742. 

758. 

EFF  AREA  (IN2) 

0.21 

0.27 

HEAD  (FT)  66095. 

41839. 

40624 . 

U/C  (IDEAL) 

0.512 

0.507 

01 A .  (IN)  3.68 

3.02 

3.02 

MAX  TIP  SPEED 

1872. 

1872. 

TIP  SPEED  1988. 

1628. 

1628. 

DELTA  H 

218. 

222. 

VOL.  FLOW  616. 

309. 

308. 

GAMMA  (ACT) 

I  .45 

1 .43 

HEAD  COEF  0.538 

0.508 

0.493 

PRESS  RATIOIT/T 

1.55 

1.35 

FLOW  COEF  0.094 

0.093 

0.095 

«  02  BOOST  TURBINE  « 

«  02  BOOST  PUMP  » 

EFFICIENCY 

0.865 

EFFICIENCY 

0.756 

HORSEPOWER 

20. 

HORSEPOWER 

20. 

SPEED  CRPH) 

12162. 

SPEED  (RPM) 

12162. 

MEAN  DIA  (IN) 

5.21 

S  SPEED 

2726. 

EFF  AREA  (IN2) 

2.02 

HEAD  (FT) 

258. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

277. 

TIP  SPEED 

130. 

STAGES 

1. 

VOL.  FLOW 

209. 

DELTA  H  (ACT) 

4.88 

HEAD  COEF 

0.4*»4 

GAMMA 

1  .45 

FLOW  COEF 

0. 187 

PRESS  RATIO  (T/T) 

1.01 

•  02  TURBINE 

*  02  PUMP  • 

EFFICIENCY 

0  .818 

EFFICIENCY 

C.  7  38 

HORSEPOWER 

419. 

HORSEPOWER 

419. 

SPEED  (RPM) 

73101. 

SPEED  (RPM) 

73101  . 

MEAN  DIA  ( IN) 

5.47 

S  SPEED 

1  728. 

EFF  AREA  (IN2) 

0.25 

HEAD  (FT) 

5159. 

U/C  (IDEAL) 

0.447 

DIA.  (IN) 

1 .92 

MAX  TIP  SPEED 

1107. 

TIP  SPEED 

612  . 

STAGES 

1  . 

VOL.  FLOW 

207. 

DELTA  H  (ACT) 

99.96 

f^AD  COEF 

0.444 

GAMMA 

1  .43 

FLOW  COEF 

0.145 

PRESS  RATIO  (T/T) 

’  .  14 
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TABLE  59. 


SPLIT-EXPANDER  CYCLE  —  0/F  =  6.0 


ENGINE  PERFORMANCE  PaRA/CTERS 


CHAMBER  PRESSURE 

1610.7 

VAC 

ENGINE  THRUST 

2C30Q . 

DEL. 

VAC.  ISP 

480.0 

TOTAL  ENGINE  FLOW  RATE 

41.7 

THROAT  AREA 

6.071 

NOZZLE  AREA  RATIO 

1000.0 

ENGINE  MIXTURE 

RATIO 

4.00 

chamber/nozzle 

COOLANT 

DP 

583. 

CHAMBER/NOZZLE 

COOLANT 

DT 

1018. 

ETA 

C« 

0.993 

CHAMBER /NOZZLE 

Q 

1 1 190. 

ENGINE 

STATION 

CONDITIONS 

■  FUEL  SYSTEM  COMHTIOMS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

5.96 

-107.5 

4.37 

B.P.  EXIT 

100.6 

38.5 

5.96 

-103.0 

4.39 

PUMP  INLET 

100.6 

38.5 

5.96 

-103.0 

4.39 

1ST  STAGE  EXIT 

2163.5 

70. 1 

5.96 

33.2 

4.36 

JBV  INLET 

2120.0 

70.5 

2.98 

33.2 

4.33 

JBV  EXIT 

1808.4 

72.9 

2.98 

33.2 

4.12 

2ND  STAGE  EXIT 

3465.7 

90.6 

2.98 

122.3 

4.35 

PUMP  EXIT 

4732.3 

110.0 

2.98 

208.3 

4.37 

COOLANT  INLET 

4684.7 

110.4 

2.98 

208.3 

4.35 

COOLANT  EXIT 

4101.7 

1128.8 

2.98 

3965.4 

0.62 

TBV  INLET 

<060.2 

1129. I 

0.17 

3965.4 

0.62 

TBV  EXIT 

1884.0 

1144.7 

0.17 

3965.4 

0.30 

LOX  TRB  INLET 

4060.2 

1129.1 

2.81 

3965.4 

0.62 

LOX  TRB  EXIT 

3583.4 

1101.3 

2.81 

3855.8 

0.57 

HZ  TRB  INLET 

3583.4 

1101.3 

2.81 

3855  .8 

0.57 

M2  TRB  EXIT 

1994.0 

976.8 

2.81 

3381  .8 

0.37 

HZ  TRB  DIFF 

1972.8 

977.0 

2.81 

3381  .8 

0.36 

HZ  BST  TRB  IN 

1953.0 

977.1 

2.81 

3381.8 

0.36 

H2  BST  TRB  EXIT 

1930.3 

974.5 

2.81 

3372.2 

0.36 

H2  BST  TRB  DIFF 

1925.4 

974.5 

2.81 

3372.2 

0.35 

02  BST  TRB  IN 

1906.1 

974.7 

2.81 

3372.2 

0.35 

02  BST  TRB  EXIT 

1894.2 

973.3 

2.81 

3367.1 

0.35 

02  BST  TRB  DIFF 

1893.5 

973.3 

2.81 

3367.1 

0.35 

H2  TANK  PRESS 

18.6 

996.0 

0.0048 

3400.5 

0.0035 

GOX  HEAT  EXCH  IN 

1884.0 

982.9 

2.81 

3400.5 

0.34 

GOX  HEAT  EXCH  OUT 

1875.4 

982.2 

2.81 

3397.7 

0.34 

MIXER  HOT  IN 

1875.4 

982.2 

2-81 

3397.7 

0.34 

MIXER  COLD  IN 

1808.4 

72.9 

2.98 

33.2 

4. 12 

MIXER  OUT 

1790.3 

495.2 

5.95 

1667.0 

0.63 

FSV  INLET 

1790.3 

495.2 

5.95 

1667.0 

0.63 

FSV  EXIT 

1746.5 

495.3 

5.95 

1667.0 

0.62 

CHAMBER  INJ 

1729.4 

495,4 

5.95 

1667.0 

0.61 

CHAMBER 

1610.8 

"  OXYGEN  SYSTEM  CONDITIONS 

m 

STATION 

PRESS 

TEMP 

FLON 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

35.7? 

61.9 

70.99 

B.P.  EXIT 

134.5 

165.3 

35.77 

62.3 

70.84 

PUMP  INLET 

134.5 

165.3 

35.77 

62.3 

70  .84 

PUW>  EXIT 

2592.0 

177.1 

35.77 

70.9 

71.30 

02  TANK  PRESS 

16.0 

400.0 

0.06 

204.7 

0.12 

POSV  INLET 

2565.9 

177.2 

5.31 

70.9 

71  .26 

POSV  EXIT 

1804.4 

180.1 

5.31 

70.9 

70.07 

OCV  INLET 

2565.9 

177.2 

30.40 

70.9 

71.26 

OCV  EXIT 

1808.3 

180.1 

30.40 

70.9 

70.07 

PRIMARY  INJ 

1  769.0 

180.2 

5.31 

70.9 

70.01 

SECONDARY  INJ 

1772.2 

180.2 

30.40 

70.9 

70.01 

CHAMBER 

1610.7 

VALVE  DATA 


VALVE 

OELTA  P  AREA 

FLON 

X  BYPASS 

JBV 

330.  0. 

121 

2.98 

50.00 

TBV 

2176.  0. 

010 

0.17 

5.59 

FSV 

44.  1  . 

654 

5.95 

POSV 

762.  0. 

034 

5.31 

OCV 

758.  0. 

196 

30.40 

/NJ{  CTOR 

DATA 

"  FUEL 

. 

OX  ID  • 

PR  I  MARY 

SECOND 

DELP  MAN 

17. 78 

17.59 

17.95 

DELP  INJ 

100.88 

15H.28 

161.51 

AREA 

1  .  14 

0  08 

0.43 

FLOW 

5.95 

S  .31 

30.40 
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TABLE  59 


SPLIT-EXPANDER  CYCLE  —  0/F  =  6.0  (CONTINUED) 


TURBOMACHINERY  PERFORMANCE  DATA  * 

•  H2  BOOST  TURBINE  » 

•  M2  BOOST  Pi*** 

■ 

EFFICIENCY 

0.8S5 

EFFICIENCY 

0.765 

HORSEPOWER 

38. 

HORSEPOWER 

58. 

SPEED  (RPM) 

<6)19. 

SPEED  (RPM)  4blH. 

MEAN  DIA  UN) 

1.90 

S  SPEED 

5044. 

EFF  AREA  CIN2) 

I  -  45 

HEAD  (FT) 

2694. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

582. 

TIP  SPEED 

458. 

STAGES 

1 . 

VOL.  FLOW 

609. 

DELTA  H  (AoTJ 

9.58 

HEAD  c.uEF 

0.451 

GAMMA 

1  .43 

FLOW  COEF 

0.201 

PRESS  RATIO  CT/T) 

1 .01 

•  H2  TURBINE 

■ 

■  H2  PUMP  • 

STAGE  1 

STAGE  2 

STAGE  ONE  STAGE  TWO 

EFFICIENCY 

0.80< 

0.807 

EFFICIENCY  0.642 

0.620 

horsepower 

1885. 

1885. 

HORSEPOWER  1147. 

576. 

SPEED  (RPM)  1 

24751.  I 

.24731  - 

SPEED  (RPM)  124731. 

124731. 

MEAN  DIA  (IN) 

5.47 

3.47 

S  SPEED  733. 

732. 

EFF  AREA  (IN2) 

0.21 

0.27 

HEAD  (FT)  67999. 

43062 . 

U/C  (IDEAL) 

0.492 

0.493 

DIA.  UN)  3.68 

3-02 

MAX  TIP  SPEED 

1890. 

1890. 

TIP  SPEED  2007. 

1643. 

DELTA  H 

237. 

237. 

VOL .  FLOW  613. 

307. 

GAMMA  (ACT) 

1  .45 

1  .45 

HEAD  COEF  0.543 

0.513 

PRESS  RATIOU/T 

1.53 

1.35 

FLOW  COEF  0.092 

0.092 

»  02  BOOST  TURBINE  » 

•  02  BOOST  PUMP 

«  ■ 

■ 

EFFICIENCY 

0.857 

EFFICIENCY 

0.764 

HORSEPOWER 

21  . 

HORSEPOWER 

21. 

SPEED  (RPMI 

12ZQ7 . 

SPEED  (RPM) 

12307. 

MEAN  DIA  ( IN) 

5.21 

S  SPEED 

3030. 

EFF  AREA  C iU2 I 

2.02 

head  IF  7) 

24). 

U/C  (IDEAL) 

0.512 

DIA.  UN) 

2.44 

MAX  TIP  SPEED 

280. 

TIP  SPEED 

131. 

STAGES 

1. 

VOL.  FLON 

227. 

DELTA  H  (ACT) 

5.16 

MEAD  COEF 

0.450 

GAMMA 

1  .43 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/TI  1 .01 

»  02  TURBINE  ■ 

•  02  PUMP  • 

EFFICIENCY 

0.804 

EFFICIENCY 

0.740 

HORSEPOWER 

436  . 

HORSEPOWER 

436. 

SPEED  (RPM) 

73440. 

SPEED  (RPM) 

73440. 

MEAN  DIA  (IN) 

3.47 

S  SPEED 

1864. 

EFF  AREA  ( IN2 I 

0.25 

HEAD  (FT) 

4962. 

U/C  (IDEAL) 

0.425 

DIA.  (IN) 

1.92 

MAX  TIP  SPEED 

1113. 

TIP  SPEED 

614. 

stages 

1  . 

VOL.  FLOW 

225. 

0ELT4  H  (ACT) 

109.63 

HEAD  COEF 

0.423 

GAMMA 

1  .43 

FLOW  COEF 

0.156 

PRESS  RATIO  (T/T) 

l  .  13 
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2  T  AGE  THREE 


0.625 
562. 
124731  . 
7«  6. 
41841  . 
5.02 
1645. 

506. 
0 .499 
0.095 


TABLE  60. 


SPLIT-EXPANDER  CYCLE  —  O/F  -  6.5 


ENGINE  PERFORMANCE  PARAlCTERS 


CHAMBER  PRESSURE 

1410.8 

VAC  ENGINE  THRUST 

20538. 

DEL.  VAC.  ISP 

<80.3 

TOTAL  ENGINE  FLOW  RATE 

42.3 

THROAT  AREA 

4.871 

NOZZLE  AREA  RATIO 

1000.0 

ENGINE  MIXTURE  RATIO 

4. SO 

CHAMBER /NOZZLE  COOLANT 

DP 

438. 

CHAMBER /NOZZLE  COOLANT 

DT 

1118. 

ETA  C- 

0.883 

CHAMBER /NOZZLE  Q 

11S87. 

ENGINE  STATION  COMHTIOMS 


■  FUEL  SYSTEM  COMMIT  IONS  ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.4 

37.4 

5.65 

-107.5 

4.37 

8.P.  EXIT 

86.0 

38.4 

5.65 

-103.2 

4.39 

PUMP  IM.ET 

86.0 

38.4 

5.45 

-103.2 

4.39 

1ST  STAGE  EXIT 

2104.8 

69.3 

5.65 

29.6 

4.36 

JBV  INLET 

206S.6 

69.7 

2.83 

29.4 

4.33 

JBV  EXIT 

1789.7 

71.7 

2.83 

29.4 

4. 15 

2*0  STAGE  EXIT 

3371 .8 

89.4 

2.83 

116.6 

4 . 34 

Pt#8»  EXIT 

4602 . 9 

108.3 

2.83 

200.4 

4.36 

COOLANT  INLET 

4SS9.9 

108.6 

2.83 

200.4 

4.34 

COOLANT  EXIT 

3922.0 

1226. B 

2.83 

4305.6 

0.56 

TBV  INLET 

3880.1 

1227.1 

0 .28 

4305.6 

0.55 

TBV  EXIT 

1868.7 

1241.7 

0.28 

4305.6 

0.27 

LOX  TRB  INLET 

3880.1 

1227.1 

2.55 

4305.6 

0.55 

LOX  TRB  EXIT 

3435.1 

1198.1 

2.55 

4192.2 

0.50 

HZ  TRB  INLET 

3435.1 

1198.1 

2.55 

4192.2 

0.50 

HZ  TRB  EXIT 

1968.6 

1070.6 

2.55 

5708.2 

0.33 

HZ  TRB  DIFF 

1949.3 

1070.? 

2.55 

3708.2 

0.33 

HZ  BST  TRB  IN 

1931.4 

1070.8 

2.55 

3708.2 

0.32 

HZ  BST  TRB  EXIT 

1910.8 

1048.3 

2.55 

3698.8 

0.32 

HZ  BST  TRB  DIFF 

1906.3 

1048.3 

2.55 

3498.8 

0.32 

02  BST  TRB  IN 

1888. a 

1048.4 

2.55 

3498.8 

0.32 

OZ  BST  TRB  EXIT 

1878.0 

1067.0 

2.55 

3493.7 

0.32 

OZ  BST  TRB  DIFF 

1877.3 

1067.0 

2.55 

3695.7 

0.32 

H2  TANK  PRESS 

18.6 

1097.7 

0.0041 

3753.8 

0.0032 

GOX  HEAT  EXCH  IN 

1868.7 

1084.3 

2.55 

37S3.8 

0.31 

GOX  HEAT  EXCH  OUT 

1861.0 

1083.4 

2.55 

3750. S 

0.31 

MIXER  HOT  IN 

1861.0 

1083.4 

2.55 

3750.5 

0.31 

MIXER  COLD  IN 

1799.7 

71.7 

2.83 

29.6 

4 . 15 

MIXER  OUT 

1783.6 

530.0 

5.45 

1793.9 

0.59 

FSV  INLET 

1783.6 

530.0 

5.45 

1793.9 

0.59 

FSV  EXIT 

1741.2 

530.2 

5.45 

1793.9 

0.58 

CHAMBER  INJ 

1724.7 

530.3 

5.65 

1793.9 

0.57 

CHAMBER 

1610.7 

■  OXYGEN  SYSTEM 

CONDITIONS 

* 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

36.76 

41.9 

70.99 

B.P.  EXIT 

117.8 

145.2 

36.76 

62.3 

70.83 

PUK>  INLET 

117.8 

145.2 

36.76 

62.3 

70  .83 

PUK>  EXIT 

2342.2 

176.0 

36.76 

70.1 

71  .23 

02  TANK  PRESS 

16.0 

400.0 

0.06 

204.7 

0.12 

POSV  IW.ET 

2314.6 

176.1 

4.56 

70.1 

71  .  18 

POSV  EXIT 

1752.8 

178.2 

4.56 

70.1 

70.30 

OCV  INLET 

2314.6 

176.1 

32.14 

70.1 

71  .  18 

OCV  EXIT 

1830.4 

177.9 

32.14 

70.1 

70.4  3 

PRIMARY  INJ 

1726.9 

178.1 

4.54 

70.1 

70.26 

SECONDARY  INJ 

1790.3 

178.1 

32.14 

70.1 

70.36 

CHAMBER 

1610.7 

VALVE  DATA 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

JBV 

28  2. 

0.125 

2.83 

o 

o 

o 

* r 

TBV 

Z01  l  . 

0.018 

0.28 

9.82 

FSV 

42. 

1 .6S4 

5.45 

POSV 

562. 

0.034 

4.54 

OCV 

484  . 

0.2S9 

32.14 

INJECTOR  DATA 


■  FUEL  • 

a 

■  ••• 

OX  l  D  ■ 

PR  I  MARY 

SECOND 

DfLP 

MAN 

17.15 

12.91 

19.9* 

OELP 

INJ 

96  .84 

116.21 

179.62 

AREA 

1  .  14 

0 . 08 

0.43 

FLOW 

5.65 

4  .Sb 

32.14 
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TABLE  60.  -  SPLIT-EXPANDER  CYCLE  -  O/F  =  6.5 


*.  TUR80MACHINERY  PERFORMANCE  DATA  ■ 


•  H2 

BOOST  TURBINE  » 

«  H2  BOOST  PUMP  ■ 

EFf IC1CNCY 

0.839 

EFFICIENCY 

0.765 

HORSEPOWER 

34. 

HORSEPOWER 

34. 

SPEED 

(RPM) 

44378. 

SPEED  (RPM) 

44378. 

MEAN  DIA 

(  IN) 

1  .  90 

S  SPEED 

2  9B0. 

EFF  AREA 

(  I N2  ) 

1  .45 

HF  AD  (FT) 

2542. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

367. 

TIP  SPEED 

422. 

STAGES 

1 . 

VOL.  FLOW 

578. 

DEL  T  A  h 

(ACT  ) 

9.47 

HEAD  COEF 

0.459 

GAMMA 

1.39 

FLOW  COEF 

0.198 

PRESS  RATIO  (T/T) 

1.01 

■  H2 

TURBINE 

a 

•  H2  PUMP  " 

STAGE  1 

STAGE  2 

STAGE  ONE 

STAGE  TWO 

EFFICIENCY 

0. 787 

0.793 

EFFICIENCY  0.641 

0.620 

HORSEPOWER 

1  744  . 

1744. 

HORSEPOWER  1062. 

348. 

SPEED 

(RPM)  1 

22010.  1 

122010. 

SPEED  (RPM)  122010. 

122010. 

MEAN  DIA 

(IN) 

3.47 

3.47 

S  SPEED  713. 

711  . 

EFF  AREA 

UN2) 

0.21 

0.27 

HEAD  (FT)  66256. 

41945. 

U/C  (IDEAL) 

0.469 

0.4  74 

DIA.  (IN)  5.68 

3.02 

MAX  TIP  SPEED 

1848. 

1848. 

TIP  SPEED  1963. 

1607. 

delta  h 

244 . 

240. 

VOL.  FLOW  582. 

292. 

GAMMA 

(ACT  ) 

1.39 

1.39 

HEAD  COEF  0.553 

0.523 

PRESS  RATIOCT/T 

1.33 

1.35 

FLOW  COEF  0.090 

0.089 

*  02 

BOOST  TURBINE  ■ 

■  02  BOOST  PUMP  * 

EFFICIENCY 

0.844 

EFFICIENCY 

0.753 

horsepower 

18. 

HORSEPOWER 

18. 

SPEED 

(RPM) 

11932. 

SPEED  (RPM) 

11932. 

MEAN  DIA 

UN) 

5.21 

S  SPEED 

3336. 

EFF  AREA 

(IN2) 

2.02 

HEAD  (FT) 

207. 

U/C 

(  I  DEAL  ) 

0.512 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

272. 

TIP  SPEED 

127. 

STAGES 

1 . 

VOL.  FLOW 

233. 

DELTA  H 

(ACT  ) 

5.10 

HEAD  COEF 

0.412 

GAMMA 

1.39 

FLOW  COEF 

0.213 

PRESS  RATIO  (T/T)  1.01 

•  02  TURBINE  ■ 

•  02  PUMP  a 

EFFICIENCY 

0.783 

EFFICIENCY 

O.  7  it 

HORSEPOWER 

409. 

HORSEPOWER 

409. 

SPEED  (RPM) 

71441  . 

SPEED  (RPM) 

7 144  I  . 

MEAN  DIA  ( IN) 

3.47 

S  SPEED 

1981  . 

EFF  AREA  (IN2) 

0.25 

HEAD  (FT) 

4496. 

U/C  (IDEAL) 

0.402 

DIA.  (IN) 

1.92 

MAM  TIP  SPEED 

1082. 

TIP  SPEED 

598. 

STAGES 

1 . 

VOL.  FLOW 

232. 

DELTA  H  (ACT ) 

113.34 

HEAD  COEF 

0.405 

GAMMA 

1.39 

FLOW  COEF 

0.165 

PRESS  RATIO  (T/T)  1.15 


(CONTINUED) 


STAGE  THREE 


0.625 
335. 
122010. 
726. 
<•0737 . 
3.02 
1607. 
291  . 
0.507 
0.091 
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TABLE  61 


SPLIT-EXPANDER  CYCLE  -  0/F  =  7.0 


ENGINE  PERFORMANCE  PAR  ALTERS 


CHAMBER  PRESSURE  1410.8 

VAC  ENGINE  THRUST  20675. 

DEL.  VAC.  ISP  477.4 

TOTAL  ENGINE  FLOW  RATE  43.3 

THROAT  AREA  4.071 

NOZZLE  AREA  RATIO  1000.0 

ENGINE  MIXTURE  RATIO  7.00 

CHAMBER /NOZZLE  COOLANT  DP  4*3  . 

CHAMBER/NOZZLE  COOLANT  DT  1211. 

ETA  C"  0.488 

CHAMBER /NOZZLE  0  12005. 


ENGINE  STATION  CONDITIONS 


«  FUEL  SYSTEM  CONDITIONS  • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

5.42 

-107.5 

4.37 

B.P.  EXIT 

93.3 

38.4 

5.42 

-103.4 

4.39 

PUMP  INLET 

93.3 

38.4 

5.42 

-103.4 

<  39 

1ST  STAGE  EXIT 

2071.6 

68.9 

5.42 

-  •  » 

35 

JBV  INLET 

2035.6 

69.2 

2.71 

4.33 

JBV  EXIT 

1794.4 

71.1 

2.71 

4.16 

2ND  STAGE  EXIT 

3318.8 

88.7 

2.71 

11. 

4.34 

PUMP  EXIT 

4529.9 

107.5 

2.71 

196.2 

4.35 

COOLANT  INLET 

4490.4 

107.8 

2.71 

196.2 

4.34 

COOLANT  EXIT 

3797.5 

1314.3 

2.71 

4628.2 

0.50 

TBV  INLET 

3754.8 

1319.6 

0.35 

4628.2 

O'1' 

T8V  EXIT 

1859.1 

1333.6 

0.35 

4628.2 

0.  .6 

LOX  TRB  INLET 

3754.8 

1314.6 

2.36 

4628.2 

0.50 

LOX  TRB  EXIT 

3331.6 

1289.4 

2.36 

4510.9 

0.46 

H2  TRB  INLET 

3331.6 

1289.4 

2.36 

4510.9 

0.46 

H2  TRB  EXIT 

1952.4 

1 158.8 

2.36 

4016.3 

0.30 

M2  TRB  DIFF 

1934.3 

1158.9 

2.36 

4016.3 

0.30 

M2  8ST  TRB  IN 

1917.6 

1 159.0 

2.36 

4016.3 

0.30 

H2  8ST  TRB  EXIT 

1898.3 

1156.4 

2.36 

4006.8 

0.30 

H2  BST  TRB  DIFF 

1894.2 

1156.5 

2.36 

4006.8 

0.29 

02  BST  TRB  IN 

1877.9 

1156.6 

2.36 

4006.8 

0.29 

02  BST  TRB  EXIT 

1867.8 

1155.2 

2.36 

4001.7 

0.29 

02  BST  TRB  DIFF 

1867.1 

1155.2 

2.36 

4001.7 

0.29 

MZ  TANK  PRESS 

18.6 

1192.1 

0.0036 

4082.7 

0.0029 

GOX  HEAT  EXCH  IN 

1859.1 

1178.3 

2.36 

4082.7 

0.28 

GOX  HEAT  EXCH  OUT 

1851 .9 

1177-3 

2.36 

4079.0 

0.28 

MIXER  HOT  IN 

1851.9 

1177.3 

2.36 

4079.0 

o 

rj 

CO 

MIXER  COLD  IN 

1794.4 

71.1 

2.71 

27.7 

4. 16 

MIXER  OUT 

1779.6 

562-8 

5.41 

1913.3 

0.56 

FSV  INLET 

1779.6 

562- 8 

5.41 

1913.3 

0.5b 

FSV  EXIT 

1738.2 

563-0 

5.41 

1913.3 

0.54 

CHAM8ER  INJ 

1722.1 

563.1 

5.41 

1913.3 

0.54 

CHAMBER 

1610.8 

■  OXYGEN  SYSTEM 

CONDITIONS 

. 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

37.96 

61.9 

70 . 99 

B.P.  EXIT 

104.1 

165.2 

37.96 

62.2 

70.82 

PUMP  inlet 

104.1 

165.2 

37.96 

62.2 

70.82 

PUMP  EXIT 

2149.2 

175.3 

37.96 

69.5 

71  .16 

02  TANK  PRESS 

16.0 

400.0 

0.06 

204.7 

0. 12 

POSV  INLET 

2119.8 

175.4 

3.88 

69.5 

71  .  12 

POSV  EXIT 

1712.8 

176.9 

3.88 

69.5 

70.48 

OCV  INLET 

2119.8 

175.4 

34.02 

69.5 

71.12 

OCV  EXIT 

1855.9 

176.4 

34.02 

69.5 

70.71 

PRIMARY  INJ 

1694.0 

177.0 

3.88 

69.5 

70.45 

SECONDARY  INJ 

1811.1 

176.5 

34.02 

69.5 

70.64 

CHAMBER 

1610.1 

valve  Data 

VALVE 

DEL  TA  P 

AREA 

FLOW 

X  bypass 

J8V 

256. 

0.125 

2.71 

50.00 

TBV 

1896. 

0.024 

0.35 

12.93 

FSV 

41  . 

l  -654 

5.41 

POSV 

407. 

0.034 

3.88 

OCV 

264. 

0.371 

34.02 

iNJfl'TOR  DATA 

•  FUEL 

•  OX  I D  • 

PRIMARY 

SFCOND 

DELP  MAN  14.70 

9.32 

22.2  7 

DELP  INJ  ‘K.b* 

8 

3.90  200.43 

AREA  1.14 

0 . 08 

0.43 

FLOW  5.4  1 

3  M8 

34.02 
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TABLE  61 


SPLIT-EXPANDER  CYCLE  -  0/F  =  7.0  (CONTINUED) 


■ 

TURBOMACHINERY 

PERFORMANCE  DATA  ■ 

«  H2  8QOST  TURBINE  • 

«  HZ  BOOST  PU*> 

• 

EFFICIENCY 

0.826 

EFFICIENCY 

0.766 

HORSEPOWER 

32. 

HORSEPOWER 

32. 

SPEED  (RPM) 

43200. 

SPEED  (RPM) 

63200. 

MEAN  DIA  CIN) 

1.90 

S  SPEED 

2915. 

EFF  AREA  (IN2) 

1 .45 

HEAD  (FT) 

2655. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

358. 

TIP  SPEED 

611  . 

STAGES 

)  . 

vol.  flow 

556. 

DELTA  H  (ACT) 

9.69 

HEAD  COEF 

0.668 

GAHHA 

1.38 

FLOW  COEF 

0.195 

PRESS  RATIO  (T/T) 

1. 01 

■  K2  TURBINE 

■ 

a 

«  H2  PUMP  ■ 

STAGE  I 

STAGE  2 

STAGE  ONE  STAGE  TWO 

STAGE  THREE 

EFFICIENCY 

0.773 

0.782 

EFFICIENCY  0.660 

0.619 

0.624 

HORSEPOWER 

1650. 

1650. 

HORSEPOWER  1005. 

329. 

317. 

SPEED  (RPM)  1 

20203. 

120203. 

SPEED  (RPM)  120203. 

120203. 

120203. 

MEAN  DIA  (IN) 

3.47 

3.67 

S  SPEED  696. 

694. 

709. 

EFF  AREA  UN2) 

0.21 

0.27 

HEAD  (FT)  65287. 

41325. 

40126. 

U/C  (IDEAL) 

0 .652 

0.660 

DIA.  (IN)  3.68 

3.02 

3.02 

MAX  TIP  SPEED 

1821. 

1821  . 

TIP  SPEED  1936. 

1583. 

1S83 . 

DELTA  H 

251. 

266. 

vol .  flow  558 . 

280. 

279. 

GAMMA  (ACT) 

1.38 

I  .  38 

HEAD  COEF  0.562 

0.530 

0.5)5 

PRESS  RATIO(T/T 

1.33 

1.35 

FLOW  COEF  0.087 

0.087 

0.088 

•  02  BOOST  TURBINE  ■ 

•  02  BOOST  PUMP 

■  a 

a 

EFFICIENCY 

0.833 

EFFICIENCY 

0.726 

HORSEPOWER 

17. 

HORSEPOWER 

17. 

SPEED  (RPM) 

11659. 

SPEED  (RPM) 

11659. 

MEAN  DIA  (IN) 

5.21 

S  SPEED 

3691  . 

EFF  AREA  ( IN2 ) 

2.02 

HEAD  (FT  ) 

179. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

265. 

TIP  SPEED 

124. 

STAGES 

1. 

VOL.  FLOW 

241. 

DELTA  H  (ACT) 

5.11 

HEAD  COEF 

0.373 

GAMMA 

1.38 

flow  cocf 

0.225 

PRESS  RATIO  (T/T) 

1.01 

•  02  TURBINE  ■ 

*  02  PUMP  • 

EFFICIENCY 

0.767 

EFFICIENCY 

0.729 

HORSEPOWER 

391  . 

HORSEPOWER 

391  . 

SPEEO  (RPM) 

70125. 

SPEED  (RPM) 

70125. 

MEAN  0 1 A  ( IN) 

3.47 

S  SPEED 

2  103. 

EFF  AREA  (IN2) 

0.25 

HEAD  (FT) 

4137. 

U/C  (IDEAL) 

0.384 

DIA.  (IN) 

1  .92 

MAX  TIP  SPEED 

1062. 

TIP  SPEED 

58  7. 

STAGES 

1 . 

VOL.  FLOW 

239. 

DELTA  H  (ACT  1 

117.33 

HEAD  COEF 

0.387 

GAMMA 

1.38 

FLOW  COEF 

0.174 

PRESS  RATIO  (T/T) 

1.13 
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TABLE  62 


SPLIT-EXPANDER  CYCLE  —  0/F  =  12.0 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1250.0 

< 

n 

Engine  thru 

ST 

15884. 

DEL. 

VAC.  ISP 

396.3 

total  engine  flow  rate 

40 . 1 

throat  area 

6.071 

nozzle  area  ratio 

1000.0 

ENGINE  MIXTURE 

RATIO 

12.00 

CHAMBER/NOZZLE 

COOLANT 

DP 

455. 

CHAMBER/NOZZLE 

COOLANT 

DT 

726. 

ETA 

c- 

0.980 

CHAMBER /NOZZLE 

Q 

8631  . 

ENGINE 

STATION 

CONDITIONS 

•  FUEL  SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

flow 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.6 

3.09 

-107.5 

4.37 

B.P.  EXIT 

93.6 

38.9 

3.09 

-102.3 

4.37 

PUMP  INLET 

93.6 

38.9 

3.09 

-102.3 

4.37 

1ST  STAGE  EXIT 

2053. 3 

76.6 

3.09 

48.7 

4.14 

JBV  INLET 

2053 . 3 

76.6 

0.00 

48.7 

4.14 

JBV  EXIT 

1497.9 

79.3 

0.00 

48.7 

3.71 

2ND  STAGE  EXIT 

2926 . 6 

92.0 

3.09 

116.3 

4.12 

PUMP  EXIT 

3762.9 

106.9 

3.09 

177.3 

4.  II 

COOLANT  INLET 

3708.6 

107.3 

3.09 

177.3 

4.09 

COOLANT  EXIT 

3253.7 

833  .8 

3.09 

2909.1 

0.67 

TBV  INLET 

3212.2 

836.1 

0.52 

2909.1 

0.66 

TBV  EXIT 

1568.7 

866.  s 

0.52 

2909.1 

0.33 

LOX  TRB  INLET 

3212.2 

836.J 

2.56 

290**.  1 

0.66 

LOX  TRB  EXIT 

2846.1 

816.? 

2.56 

2830.0 

0.61 

M2  TRB  INLET 

2866. 1 

816.? 

2.56 

2830.0 

0.61 

H2  TRB  EXIT 

1650.5 

726-3 

2.56 

2493.2 

0.41 

M2  TRB  DIFF 

1636.7 

726.6 

2.56 

2493.2 

0.60 

M2  BST  TRB  IN 

1620.0 

726.5 

2.56 

2493.2 

0.40 

H2  BST  TRB  EXIT 

1603.1 

726.8 

2.56 

2486.9 

0.40 

H2  BST  TRB  DIFF 

1599.5 

726.8 

2.56 

2486.9 

0.40 

02  BST  TRB  IN 

1585.1 

726.9 

2.56 

2486.9 

0.39 

CM  BST  TRB  EXIT 

1576.3 

726.0 

2.56 

2483.4 

0.39 

02  BST  TRB  DIFF 

1575.7 

726.0 

2.56 

2483.4 

0.39 

H2  TANK  PRESS 

18.6 

753.8 

0.0033 

2555.7 

0.0046 

GOX  HEAT  EXCH  IN 

1568.7 

766.5 

2.56 

2555.7 

0.38 

GOX  HEAT  EXCH  OUT  1562.2 

763.6 

2.56 

2552.3 

0.38 

MIXER  HOT  IN 

1562.2 

763.6 

2.56 

2552.3 

0.38 

MIXER  COLD  IN 

1697.9 

79.J 

0.00 

48.7 

3.71 

MIXER  OUT 

1697.9 

766 .0 

3.08 

2552.3 

0.36 

FSV  INLET 

1697.9 

766.0 

3.08 

2552.3 

0.36 

FSV  EXIT 

1  320 . I 

765.1 

3.08 

2552.3 

0.32 

CHAMBER  INJ 

1311.3 

765. 1 

3.08 

2552.3 

0.32 

CMAM8ER 

1269.9 

*  OXYGEN  SYSTEM  CONDITIONS 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  INLET 

16.0 

162.7 

37.06 

61  .9 

70.99 

B.P.  EXIT 

82.2 

165.1 

37.06 

62.2 

70.82 

PUMP  INLET 

82.2 

165.1 

37.06 

6  2.2 

70.82 

PUMP  EXIT 

1569.6 

172.9 

37.06 

67.6 

71.01 

02  TANK  PRESS 

16.0 

600.0 

0.06 

204.7 

0.12 

POSV  INLET 

1561 .3 

173.0 

2.93 

67.6 

70.97 

POSV  EXIT 

1308.1 

173.9 

2.93 

67.6 

70.59 

OCV  INLET 

1561.3 

173.0 

36.06 

67.6 

70.97 

OCV  EXIT 

1695.2 

173.2 

36.06 

67.6 

70.89 

PRIMARY  INJ 

1297.6 

173.9 

2.93 

67.6 

70.57 

SECONDARY  INJ 

1650.6 

173.3 

36.06 

67.6 

70.82 

CHAMBER 

1269.6 

valve  Data 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

JBV 

555. 

0.000 

0 . 00 

0.00 

TBV 

1663. 

0.033 

0.52 

16. 98 

FSV 

1  78. 

0  .  600 

3.08 

POSV 

2  33  - 

0 . 036 

2  .  **3 

OCV 

66. 

0.193 

36 . 06 

IN  If 

C  TOR  DAI 

fA 

*  FUEL 

• 

-  OX  I D  ■ 

PRIMARY 

sf  r.tjNO 

OELP  MAN  9. 

17  5 

22.27 

DELP  INJ  52. 

07  67 

H  / 

200.45 

ARE  A  l  - 

16  C 

! 

0  -4* 

FLOW  3. 

08 

t 

34 . 06 
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TABLE  62 


SPLIT-EXPANDER  CYCLE  —  0/F  =  12.0  (CONTINUED! 


■  T UR BOMACM INFRY  PERFORMANCE  DATA  ■ 


•  M2  BOOST  TURBINE  ■ 

■  H2  BOOST  PUMP 

■ 

EFFICIENCY 

0.844 

EFFICIENCY 

0.608 

HORSEPOWER 

23. 

horsepower 

23. 

SPEED  (RPM) 

36541 . 

SPEED  (RPH) 

36541  . 

MEAN  DIA  C IN) 

I  .90 

S  SPEED 

1856. 

EPF  AREA  l IN2 l 

1.45 

HEAD  TFT) 

24  72. 

U/C  (IDEAL) 

0.512 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

302. 

TIP  SPEED 

34  7. 

STAGES 

1  . 

VOL.  FLOW 

317. 

DELTA  H  (ACT) 

6.30 

HEAD  COEF 

0.659 

GAMMA 

1  .44 

FLOW  COEF 

0.132 

PRESS  RATIO  (T/T) 

1.01 

•  H2  TURBINE 

■  H2  PUMP  • 

STAGE  1 

STAGE  2 

STAGE  ONE  STAGE  TWO 

STAGE  THREE 

EFFICIENCY 

0.827 

0.836 

EFFICIENCY  0.572 

0.596 

0.598 

HORSEPOWER 

1221  . 

1221. 

HORSEPOWER  6S9 . 

286. 

275. 

SPEED  (RPM)  113796.  I 

113796. 

SPEED  (RPM)  113796. 

113796. 

113796. 

MEAN  DIA  (IN) 

3  .  A  7 

3.47 

S  SPEED  R99. 

907 

932 

EFF  AREA  (IN2) 

0.2 1 

0.27 

HEAD  (FT)  67185. 

304ri . 

29329. 

U/C  ( I  DEAL ) 

0.534 

0.548 

DIA.  (IN)  3.68 

\ .  02 

3.02 

MAX  TIP  SPEED 

1724. 

1724. 

TIP  SPEED  1831. 

1499. 

1499. 

DELTA  H 

172. 

165. 

VOL.  FLOW  335. 

336. 

337. 

GAMMA  (ACT) 

1  .44 

1  .44 

HEAD  COEF  0.645 

0.435 

0.420 

PRESS  RATIOfT/T 

1.33 

1.35 

FLOW  COEF  0.055 

o.  no 

0.112 

-  02  BOOST  TURBINE  ■ 

•  02  BOOST  PUMP 

■  ■ 

« 

EFFICIENCY 

0.878 

EFFICIENCY 

0.715 

HORSEPOWER 

13. 

HORSEPOWER 

13. 

SPEED  (RPM) 

10741. 

SPEED  (RPM) 

10741  . 

MEAN  DIA  (IN) 

5.21 

S  SPEED 

4163- 

EFF  AREA  (IN2) 

2.02 

HEAD  (FT) 

135. 

U/C  (IDEAL) 

0.512 

DIA.  CTN) 

2.44 

MAX  TIP  SPEED 

244. 

TIP  SPEEO 

115. 

STAGES 

1  . 

VOL-  FLOW 

235. 

DELTA  H  (ACT) 

3.50 

HEAD  COEF 

0.330 

GAMMA 

I  .44 

FLOW  COEF 

0.238 

PRESS  RATIO  (T/T) 

1.01 

■  02  TURBINE 

- 

•  02  PUMP  • 

EFFICIENCY 

0.807 

EFFICIENCY 

0 . 708 

HORSEPOWER 

28  7  . 

horsepower 

28  7. 

SPEED  (RPM) 

6288  I  . 

SPEED  (RPM) 

62881  . 

MEAN  DIA  (IN) 

3.47 

S  SPEED 

2365. 

EFF  AREA  ( JN2 ) 

0.25 

HEAD  (FT) 

3015. 

U/C  (IDEAL) 

0.429 

01 A .  (IN) 

1 .92 

MAX  TIP  SPEED 

953. 

TIP  SPEED 

526. 

STAGES 

1  - 

VOL.  FLOW 

234. 

DELTA  H  (ACT ) 

79.16 

MEAD  COEF 

0.350 

GAMMA 

1.44 

FLOW  COEF 

0.190 

PRESS  RATIO  ( T/T  )  1.13 
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TABLE  63. 


FULL-EXPANDER  CYCLE  WITH  REGENERATION 


5.0 


Eng i ►c  performance  parajcters 


CHAMBER  pressure 

1497 . 1 

VAC 

ENGINE  T^UST 

16434. 

del  . 

VAC .  I SP 

47  7.1 

total  engi*c  flow  rate 

34.4 

thrcat  AREA 

5.54  7 

WOJJ 

LE  AREA  RATIO 

1000.0 

ENGINE  MIXTURE 

RATIO 

5.00 

CHAMBER /N022LE 

COOLANT 

OP 

772. 

Chamber /NOZ2LE 

COOLANT 

OT 

385. 

ETA 

C« 

0.993 

chamber /Norrue 

0 

8953. 

ENGINE 

STATION 

CONDITIONS 

-  FUEL 

SYSTEM  COFC1T  IONS  • 

STATION 

PRESS 

TBf 

FLOM 

ENTHALPY 

DENSITY 

B.P.  INLET 

18.6 

37.4 

5.75 

-107.5 

4 .37 

B.P.  EXIT 

95 . 1 

38.4 

5.75 

'103.J 

4.39 

PUMP  INLET 

95.1 

38.4 

5.75 

'103.3 

4.39 

1ST  STAGE  EXIT 

1696. 7 

61.4 

5.75 

-2.2 

4.41 

2ND  STAGE  EX I  I 

3281 . 1 

83.3 

5.75 

97.1 

4.45 

PUMP  EXIT 

48*;  5 

104.2 

5.75 

194.6 

4.50 

COLD  REGCN  IN 

^8oi .2 

104.7 

5.75 

194.6 

4.48 

COLD  REGEN  EX 

4748.3 

227.5 

5.75 

631.7 

2.79 

COOLANT  INLET 

4748.3 

227.5 

5.75 

431.7 

2.78 

COOLANT  EXIT 

3976.7 

612.3 

5.75 

2136.6 

1 .06 

TBV  INLET 

3938.9 

612.5 

0.86 

2136.6 

1 .05 

TBV  EXIT 

1736.3 

624.9 

0.06 

2136.6 

0.49 

LOX  TRB  INLET 

3938.9 

6:?. 5 

5.69 

2136.6 

1 .05 

LOX  TRB  EXIT 

3570.4 

600.8 

5.69 

2085.7 

0.98 

M2  TRB  INLET 

3570.4 

600.8 

5.69 

2085.7 

0.98 

H2  TRB  EXIT 

1859.4 

527.2 

5.69 

1784.8 

0.61 

H2  TRB  OIFF 

1829.2 

527.3 

5.69 

17 84 .8 

0.61 

H2  BST  TRB  IN 

1808.7 

527.4 

5.69 

1784.8 

0-60 

H2  BST  TRB  EXIT 

1  789.7 

526.3 

5.69 

1780.5 

0.59 

M2  BST  TRB  DIFF 

1776-4 

526.4 

5.69 

1780.5 

0.59 

02  BST  TR8  IN 

1756.4 

526. r 

5.69 

1780.5 

0.58 

02  8ST  TRB  EXIT 

1747.5 

52c  .9 

5.69 

1778.3 

0.58 

02  BST  TRB  DIFF 

1746.1 

*25.9 

5.69 

1778.3 

0.58 

H2  TANK  PRESS 

18.6 

533.9 

0.0084 

1781  .8 

0 . 0066 

GOX  MEAT  EXCH  IN 

1  736.3 

526-9 

5.69 

1781  .8 

0.58 

COX  H'  \T  EXCH  OUT 

1727.4 

526  6 

5.69 

1  780 . 7 

0.57 

HOT  REGEN  IN 

1727.4 

526.6 

5.49 

1780.7 

0.57 

MOT  REGEN  EX 

1675.0 

407.9 

5.69 

1339.2 

0. 71 

FSV  INLET 

1675.0 

407.9 

5.74 

1339.1 

0.71 

FSV  EXIT 

1631 .5 

408.0 

5.74 

1339  1 

0.70 

CHAMBER  INJ 

1614.5 

408.1 

5.74 

1339.1 

0 . 69 

CHAMBER 

1496.5 

•  OXYGEN  SYSTEM 

COCITIONS 

• 

STATION 

PRESS 

TE*> 

FLOM 

ENTHALPY 

density 

B.P.  INLET 

16.0 

162-7 

28.74 

61  .9 

70.99 

B.P.  EXIT 

141  .8 

1-  *-.4 

28. 76 

42.4 

70.83 

PUMP  INLET 

141  .t 

US. 4 

28.74 

62.4 

70.83 

PUMP  EX I T 

2965.7 

179.4 

28. 76 

72.5 

71.28 

02  Tank  >ESS 

16.0 

400.0 

0.05 

204  : 

0 

POSV  iNLEi 

2947.0 

l  7  -.5 

6.21 

72.5 

71  U 

POSV  EXIT 

1 797.R 

184.0 

6.21 

72.5 

69.45 

OCV  INLET 

294 

179.5 

22.50 

72.5 

71.26 

OCV  EXIT 

f 618.5 

184.7 

22-50 

72.5 

69.16 

PRIMARY  INJ 

1  7  38  8 

184.2 

4.21 

72.5 

69 . 3b 

SECONDARY  INJ 

1596.3 

184.8 

22.50 

72.5 

69.12 

CHAMBER 

1497 . 1 

VALVE  DATA 

valve 

DELTA  ? 

ARE3 

FI  CM 

X  BYT  ASS 

TBV 

2203. 

0 . 00! 

0.06 

1  .00 

FSV 

44  . 

1  .502 

5-  74 

POSV 

1  154 

3.032 

«>. 21 

OCV 

l  32  0 

0.109 

22.50 

is  »r 

I OR  DATA 

•  FUEL 

■ 

•  o* :: 

3  • 

» -  ;  m 

ARY 

'A  ;nno 

DEL P  MAN  I  7  .b! 

26 

«5 

1 1  .03 

DELP  INJ 

2  -  1  . 

70 

*9.21 

APE  A  1.0  2 

07 

0.41 
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TABLE  63. 

FULL-EXPANDER  CYCLE  WITH  REGENERATION  -  O/F  -  5.0 

(CONTINUED) 

■ 

T'RBOMACHINERY 

PERFORMANCE  DATA  « 

•  H2  BOOST  TURBINE  » 

-  H2  BOOST  PUMP 

• 

f  FF  1CIENCY 

0 . 779 

EFFICIENCY 

0  .  ?oS 

HORSEPOWER 

34  . 

HOP SEP OWE R 

34  . 

SPEED  (RPMJ 

4452s. 

SPEED  (RPM) 

44528  . 

MEAN  DU  (IN) 

1  .  34 

S  SPEED 

304  1  . 

EFF  AREA  C INC  1 

r  .45 

HEAD  (FT) 

2514. 

U/C  (IDEAL) 

0.485 

DIA.  (IN) 

2 .18 

MAX  TIP  SPEED 

260  . 

TIP  SPEED 

42  3  . 

STAGES 

i  - 

VOL  .  FLOW 

588 

DELTA  h  (ACT) 

4 .26 

HEAD  COEF 

w  .451 

GAMMA 

1 . 38 

FLOW  COEF 

0.201 

PRCSS  RATIO  (T/T) 

1 .01 

■  K2  TURblNE 

• 

*  H2  PUMP  • 

STAGE  1  STAGE  i 

2  STAGE  ONE  STAGE  TWO 

STAGE  TF«Et 

EFF’CIENCY 

J  .853  0.838 

EFFICIENCY  0.666 

0.666 

0.667 

HORSEPOkCR 

2423.  2423. 

HORSEPOWER  82 J. 

808  . 

793  . 

SPEED  (RPM)  1  }8750 .  118750. 

SPEED  (RPM)  118750. 

1  18750. 

1 18750 . 

MEAN  DIA  ( IN) 

2  8t>  2.86 

S  SPEED  830. 

837. 

84  3  . 

EFF  AREA  IIN2) 

0.31  0.40 

HEAD  .FT)  52380- 

51514  . 

505b2 • 

U/C  (IDEAL) 

0.503  0.491 

DIA.  (IN)  3.44 

3.46 

3.44 

MAX  TIP  SPEED 

1484.  1484. 

TIP  SPEED  1785- 

1785. 

l  785- 

DELTA  M 

148.  153. 

VOL.  FLOW  585. 

58  1  . 

573. 

GAMMA  (ACT) 

1.38  1.38 

HEAD  COEe  0.529 

0.520 

G.5’0 

PRESS  RAT 10( T/T 

1.34  1.37 

FLOW  COEF  0.100 

0.100 

0. 1  o : 

•  0^  BOOST  TUR8INE  • 

•  02  BOOST  Pl**> 

■ 

EFFICIENCY 

0.861 

EFFiCIENCY 

0.728 

r^SEPOwER 

18. 

HORSEPOWER 

18. 

SPEED  (RPM) 

1 155R. 

SPEED  (RPM) 

1  1559. 

MEAN  DIA  ( IN) 

3.6  9 

S  SPEED 

2439. 

EFF  AREA  (1N21 

3.60 

HEAD  (FT) 

256. 

U/C  (IDEA!.) 

0.514 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

18(9  . 

TIP  SPEED 

123  . 

SI  AGES 

1  . 

vot .  flow 

182. 

It  L  TA  H  (ACI  ) 

2 .  :a 

HEAD  COEF 

0.542 

GAMMA 

1.38 

FLOW  COEF 

0.172 

PRESS  RATIO  (T/T) 

i  .O'- 

*  03  TURBINE 

■ 

•  or  p  uhp  • 

EFF ICIfNCY 

0.871 

EFF  IMENCY 

0.727 

HORGFPOMER 

••10  . 

HORSEPOWER 

410. 

SPEED  (RPM) 

74244 . 

SPEED  (RPM) 

7429S  . 

MEAN  OfA  ( [NI 

r  .80 

S  SPEED 

1523  . 

f  ff  AREA  (  IN?  ) 

0  43 

HEAD  (FT) 

5  7  C  I  . 

L/C  (IDEAL) 

0  542 

DIA.  ( In ) 

1  .  9£ 

MAX  T IP  SPEED 

•28  • 

TIP  SPEED 

62  7  . 

S  T AGE S 

1  . 

vol.  flow 

181  . 

Df  L  TA  H  ( ACT  ) 

50.94 

HEAD  COEF 

0 . 4 1.  7 

(.AMMA 

l  .  38 

Fl  ow  COEF 

0.128 

PRESS  RATIO  ( T/T ) 

1.10 

hf 

GENERATOR  DATA 

rrx  o  S 

DF  MOT  SIT*7 

Df  l  p  S  ' 

o;  52.38 

DfcT  122 

r:  - i 18 .  ;s 

A  iff  A  0 

4  0  1  .52 

flow  s 

75  5  .  e  9 

EFFECTIVE  Nf  SS 

0.-9 

N  T  U 

0.43 

CRATIO 

c .  9 ; 

■  MIN 

ro  .47 

BEGEM  0 

2513.81) 
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TABLE  64 


FULL-EXPANDER  CYCLE  WITH  REGENERATION  -  O/F  -  5.5 


ENGINE  PERFORMANCE  PARAMETER 

- 

CHAMBER  PRESSURE 

1  »fc5 . 1 

VAC 

ENGINE  THRUST 

18583  . 

DEC 

VAC.  ISP 

671.0 

TOTAL  ENGINE  FLOW  RATE 

38.8 

TH10AT  AREA 

5.567 

MOZZL €  AREA  RATIO 

1000.0 

ENGITC  MIXTURE 

Ratio 

5.50 

CHAMBER /NO  ZZL  E 

COOLANT 

DP 

8  18  . 

CHAMBER /NOZZLE 

COOLANT 

DT 

63  7  . 

ETA 

C» 

0.113 

chamber /NOZZLE 

Q 

100»6 . 

ENGINE 

STATION 

CONDI T IONS 

■  FUEL  SYSTEM  CONDITIONS  • 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  IK.ET 

18.6 

37.6 

5 . 18 

-107.5 

BP.  EXIT 

101 .5 

38.5 

5  -  98 

-102.9 

PUN1  IU.ET 

101  .s 

28.5 

5 . 98 

-102.9 

1ST  STAGE  EXIT 

1831.6 

63.6 

5 . 98 

6.7 

2H)  STAGE  EXIT 

3563.3 

87.0 

5.98 

116.5 

PUW»  EXIT 

5278 . 7 

101.7 

5  98 

220.6 

COLD  REGEN  IN 

S223.6 

110.1 

5 . 98 

220.6 

cOLD  REGEN  EX 

$166.6 

261.7 

5 . 98 

617 . 7 

COOLANT  I«_ET 

51 68 . 6 

261.7 

5 . 18 

697.7 

COOLANT  EXIT 

6350.1 

6  78.2 

5 . 98 

2381 .6 

TBV  IHET 

6308.1 

6  78.5 

O.Oo 

2381 .6 

TBV  EXIT 

1125. 1 

693.0 

0.06 

2381.6 

LOX  TRB  IH.ET 

6308.1 

6  78.5 

5.92 

2381 .6 

LOX  TRB  EXIT 

3106.3 

465.3 

5.92 

2325.7 

K2  TRB  I  H.ET 

3106.3 

6*5 . 3 

5.92 

2325.7 

K2  TRB  EXIT 

2058.5 

585.0 

5-92 

1999.0 

K2  TRB  DIFF 

2025.8 

585.2 

5.92 

1199.0 

M2  BST  TRB  IN 

2003.6 

585.3 

5.12 

1*99.0 

M2  BST  TRB  EXIT 

1183.0 

586 . 1 

5-12 

1196.6 

rC  BST  TRB  DIFF 

1168.6 

586  .2 

5.«2 

1116.6 

02  BST  TRB  IN 

1166.1 

586.3 

5.12 

1H6.6 

02  BST  TRB  EXIT 

1137.3 

583.6 

5  -  12 

1991.1 

02  BST  TRB  DIFF 

1135.8 

583.6 

5.92 

1*91  .9 

M2  TANK  PRESS 

18.6 

516.0 

0.  C  C81 

1«95. 8 

GOX  HiAT  EXCM  IN 

1125.1 

586.8 

5  12 

1H5.8 

GOX  KCAT  EXCM  OUT 

1115.5 

586.5 

5 . 12 

1**6 .6 

HOT  REGEN  IN 

1915.5 

586  .S 

5  12 

1**6 .6 

K)T  REGEN  EX 

1858.9 

653.1 

5  •  12 

1512.5 

FSV  IH_£T 

1858.9 

653. 1 

5  17 

1512.5 

FSV  EXIT 

1811.8 

65  3.2 

5.17 

1512.5 

CHAMBER  INJ 

1793.6 

653.3 

5.17 

1512.5 

CHAMBER 

1666.0 

•  OXYGEN  SYSTEM 

COND : T  J  OHS 

. 

station 

PRESS 

temp 

flow 

ENTMAl  PY 

B.P.  IH.ET 

16.0 

162.7 

32  98 

61  .  * 

BP.  EXIT 

165.0 

ll5 .6 

3:  88 

*2 .6 

PL»*>  IH_£T 

165.0 

1*5.6 

32  88 

*2 .6 

PUK>  EXIT 

3006.5 

171.2 

3:  88 

72.6 

02  TAA6C  PRESS 

16.0 

600 . 0 

C  0* 

206 . 7 

POSV  IH.ET 

2982. 1 

171.2 

c  „  > 

?2 .6 

POSV  EXIT 

1933.7 

183.6 

5  12 

72.6 

OCV  IH.ET 

2182. 1 

171.2 

2  6  11 

72.6 

OCV  EXIT 

1838.6 

193.7 

2 1  H 

72.6 

PRIMARY  |NJ 

1886.8 

183.6 

5  12 

72 .6 

SECONDARY  INJ 

1807.1 

183.1 

2 t  il 

72.6 

CHAMBER 

1665.9 

VAL  Vf 

Data 

VH  YE 

DELTA  P 

ARE  A 

1  -  )M 

X  E^A  .  -S 

TBV 

2386. 

0. 0C3 

1  .  GO 

FSV 

67. 

;  502 

«.  » ; 

1068  . 

2  0  3  2 

1 

OCV 

1166. 

0.161 

2  e  M 

IN  IF  '  * 

DATA 

■  FHl 

• 

•  ox:; 

• 

l  >- 

i  V 

K  ‘ 

n  1  P  MAN  11.12 

2 

15  t  i 

»1P  INJ  108.66 

2  !  H 

ARf  A  1.03 

C 

7 

c- : 

r\  nw  5.97 
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DENSITY 
<>.17 
6.39 
6.31 
6.61 
6.64 
6.52 
6. SO 
2.60 
2.80 
1  -  OS 
1.06 
0  .61 
1 .06 
0.18 
0.18 
0.61 
0.60 
0.60 
0.59 
0-59 
0.58 
0.58 
0.58 
0.0059 
0.57 
0.57 
0.57 
0.71 
0.71 
0.61 
0.61 


DENSITY 
70 . 11 
70.86 
70.86 
71  .  S* 

0  .  12 
7  1.32 
61  .  bl 
71.32 
61.  S3 
11.61 
61 .68 


TABLE  64.  —  FULL-EXPANDER  CYCLE  WITH  REGENERATION  —  O/F  =  5.5 

(CONTINUED) 


■  TURBOMACHINERY  PERFORMANCE  DATA  - 


•  M2  BOOST  TURBINE  ■ 

■  H2 

BOOST  PUMP  * 

EFFICIENCY 

0.7  PC 

EFFICIENCY 

0. 7eS 

HORSEPOWER 

39. 

HORSEPOWER 

J4 . 

SPEED  (RPM) 

463)3. 

SPEED 

(RPM) 

46313. 

MEAN  D I A  (IN) 

)  .  34 

S  SPEED 

3037. 

EFF  AREA  (  IN2  ) 

2.4S 

HEAD 

(FT  ) 

2723  . 

U/C  (IDEAL) 

0.48S 

DIA. 

(  IN) 

2  .  18 

MAX  TIP  SPEED 

2  71. 

TIP  SPEED 

440. 

STAGES 

1  . 

VOL.  FLOW 

611. 

DELTA  H  (ACT ) 

4.62 

HEAD  COEF 

0.452 

GAMMA 

I  .  39 

FLOW  COEF 

0.201 

PRESS  RATIO  (T/T) 

1.01 

•  M2  TURBINE 

M 

• 

H2  PUMP  * 

STAGE  1 

STAGE  2 

s 

TAGE  ONE 

STAGE  TWO 

STAGE  TFREE 

EFF  IC1ENCY 

0.651 

0  .839 

EFFICIENCY 

0.666 

0.667 

0.667 

HORSEPOWER 

2734. 

2  734. 

horsepower 

927. 

912. 

995. 

SPEED  (RPM)  1 

23568. 

123568. 

SPEED  (RPM) 

123568. 

123568. 

123568. 

MEAN  DIA  ( IN) 

2.86 

2.86 

S  SPEED 

828. 

833  . 

838  . 

EFF  AREA  (1N2) 

0.31 

0.40 

HEAD  (FT) 

56800. 

55940 . 

54  985. 

U/C  (IDEAL) 

0.500 

0.492 

DIA.  (IN) 

3.44 

3.44 

3.44 

MAX  TIP  SPEED 

1544. 

1544. 

TIP  SPEED 

1857. 

1858. 

1858. 

OELTA  h 

162. 

165. 

VOL-  FLOW 

608. 

602. 

593. 

GAMMA  (ACT) 

1  .39 

1.39 

HEAD  COEF 

0.530 

0.522 

0.513 

PRESS  RATIO(T/T 

1.34 

1.37 

FLOW  COEF 

0.100 

0.100 

0.100 

•  02  BOOST  TURBINE  • 

•  02  BOOST 

PUMP  • 

EFFICIENCY 

0  .866 

EFFICIENCY 

0.755 

HORSEPOWER 

21  . 

HORSEPOWER 

2  1  . 

SPEED  (RPM) 

12219. 

SPEED  (RPM) 

12219- 

MEAN  DIA  (IN) 

3 .  6  9 

S  SPEED 

2705. 

EFF  AREA  (IN?) 

3.60 

HEAD  (FT) 

262. 

U/C  ( I  DEAL) 

0.514 

0  f  A .  (IN) 

2.44 

MAX  TIP  SPEED 

l  ®  7  . 

TIP  SPEED 

130. 

STAGES 

1  . 

VOL.  FLOW 

2  08. 

DEL  TA  M  (ACT ) 

2  48 

HEAD  COEF 

0.497 

GAMMA 

1  .  3« 

FLOW  COEF 

C  .  |8« 

PRESS  RAT  10  ( T/T ) 

I .  ce 

•  02  TURBINE 

•  02  PUHf*  « 

EFFICIENCY 

0  8®5 

EFFICIENCY 

0 . 737 

horsepower 

4  6 8  . 

HORSEPOWER 

4*8  . 

SPEED  (RPM) 

76597 . 

SPFFD  IRPM) 

76597 . 

ME  AN  DJ A  [ JN 1 

2.8® 

S  SPEED 

1  ®  6  3 

EFF  AREA  ( I N2 1 

0.4! 

Mf  AD  (ET  ) 

5  7  7  3  . 

U/C  (  IDEAL  1 

0.5  3: 

DIA.  (INI 

1  .  '3 

MAX  TIP  SPEED 

95  7  . 

TIP  SPEED 

®4  •*  . 

STAGES 

1 

vrx  .  fi  ow 

20  7  . 

nEl.TA  H  (  ACT  J 

55.9! 

HEAD  COEF 

0.444 

GAMMA 

s .  39 

FLOW  COEF 

0 . 1  «• ! 

PRESS  RATIO  (  T'T  I  l  .  1C 


RffiFMf  RA7HR  DATa 


AR'  A 
f  l  OW 

if  f  f  r  uvf  uf 

NTIJ 

CRATIO 
(MIN 
~  ‘  r,r  n  o 


lr>f 
5®  .  5b 
-131.40 
I  52 

s.  «r 

o  .29 
C  .<.0 
i .  :c 
i 

2  H  5  2  6  ' 


cr.l  D  S  IDF  K3. 

DEL P  SS . 2  b 

DFl  T  131.59 

0.40 
S  .  ■»« 
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TABLE  65. 


FULL-EXPANDER  CYCLE  WITH  REGENERATION  -  O/F  =  6.0 


ENGINE  PERFORMANCE  PaRA/^TYRS 


CHAMBER  pressure 

1764.0 

VAC  ENGINE  THRUST 

20000- 

DEL.  VAC.  ISP 

480.1 

TOTAL  ENGINE  FLOW  RATE 

41.7 

THROAT  AREA 

5.547 

NOZZLE  AREA  RATIO 

1000.0 

ENGINE  MIXTURE  RATIO 

6.00 

CHAMBER/NOZZLE  COOLANT 

OP 

074. 

CHAMBER /NOZZLE  COOLANT 

DT 

585 . 

eta  c- 

0.995 

CHAMBER/NOZZLE  Q 

11590. 

ENGINE  STATION  COOUIONS 


•  FUEL  SYSTEM  COKHTIOMS  ■ 


station 

PRESS 

TEW* 

FLON 

BiTMNLPY 

B.P.  IW.ET 

18.6 

57.4 

5.96 

-107.5 

8  P.  EXIT 

100.5 

58.5 

5.96 

-183.0 

PU6*>  INLET 

100.5 

58.5 

5.96 

-185.8 

1ST  STAGE  EXIT 

1882.5 

6.3.9 

5.96 

9.2 

2ND  STAGE  EXIT 

5651.4 

88.1 

5.96 

119.6 

PUW*  EXIT 

5414.2 

111.2 

5.96 

228.1 

COLD  REGEN  IN 

5559.5 

111.7 

5.96 

22*.  | 

COLD  REGEN  EX 

5505 .2 

263.0 

5.96 

798.2 

COOLANT  INLET 

550S.2 

265.0 

5.96 

790.2 

COOLANT  EXIT 

4451.2 

767.8 

5.96 

2781.8 

TBV  IM.ET 

4586.0 

768.1 

0.56 

2781.8 

TBV  EXIT 

2050.5 

785.1 

0.36 

2711 .8 

LOX  TRB  INLET 

4586.0 

768.1 

5.60 

2781.8 

LOX  TRB  EXIT 

5984.6 

753.6 

5.68 

2640.8 

M2  TRB  INLET 

3984.6 

755.6 

5.69 

2640.8 

M2  TRB  EXIT 

2159.4 

665.3 

5.60 

2288.6 

K>  TRB  DIFF 

2127.6 

665.5 

5.68 

2288.6 

K2  8ST  TRB  IN 

2106.2 

665.6 

5.60 

22*8.4 

M2  BST  TRB  EXIT 

2086.5 

664.4 

5.60 

22*5.8 

M2  BST  TRB  DIFF 

2072.4 

664.5 

5.60 

22*3.8 

02  BST  TR8  /N 

2051.5 

664.6 

5.60 

2283.8 

02  BST  TRB  EXIT 

2042.2 

663.9 

5.60 

2281.5 

02  BST  TRB  DIFF 

2040.7 

663.9 

5-60 

2281.5 

H2  TANK  PRESS 

18.6 

682.3 

0.0070 

2504.4 

GOX  MEAT  EXCM  IN 

2050.5 

671.1 

5.60 

2586.4 

GOX  HEAT  EXCM  OUT 

2021.2 

670.  7 

5.60 

2584.9 

MOT  REGEN  IN 

2021.2 

670.7 

5-60 

2504.9 

K)T  REGEN  EX 

1966.2 

505.4 

5.60 

1707.1 

FSV  INLET 

1966.2 

505.4 

5.95 

1787.1 

FSV  EXIT 

1916.8 

505.6 

595 

1787.1 

CHAMBER  INJ 

1897.5 

505.7 

5.95 

1707.1 

CMAM8ER 

1764.0 

■  OXYGEN  SYSTEM 

COCITIOMS 

m 

STATION 

PRESS 

TEW* 

FLOW 

ENTHALPY 

B.P.  IH.ET 

16.0 

162.7 

55.77 

61.9 

B.P.  EXIT 

154.0 

165.5 

35.77 

62.3 

PUMP  IH.ET 

154.0 

165.5 

35.77 

•2.3 

PUMP  EXIT 

2854 . 8 

1  78.4 

55.77 

71.9 

02  Taf*  PRESS 

16.0 

400.0 

•  06 

204./ 

POSV  IH.ET 

2825.9 

178.5 

532 

71.9 

POSV  EXIT 

1979.5 

181.8 

5.32 

71  .9 

OCV  INLET 

2825.9 

1  78.5 

30.59 

71.9 

ncv  EX  1 T 

1 982 . 9 

181.7 

30.59 

71.9 

PRIMARY  INJ 

1940.0 

181 .9 

5.52 

71.9 

SECONDARY  INJ 

1943.0 

181 .9 

30.39 

71.9 

CHAMBER 

1764.0 

VALVf  DATA 

VALVE 

DELTA  P 

AREA 

FLOW 

X  8YPASS 

TBV 

2  356  . 

0 .016 

0  54 

5.97 

FSV 

4<» . 

1  -  502 

5.95 

POSV 

H47  . 

0.032 

5.52 

OCV 

843  . 

0  .  185 

30  59 

I*-  i 

if  1  Tf)R  DATA 

•  F.FL 

• 

■  OX  ID 

l  . 

C- 

;  m  At?  y 

Si  Ct»0 

If  L  p  MAN  :  0 . 0  1 

9 .55 

19  88 

tfip  inj  : : : .  4<> 

'5.9/  1 

78. 9  * 

APFA  i.o: 

J  .  07 

0.41 

F\  ON  5 . 95 

5  32 

i  o .  r  9 
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DENSITY 
A- 57 
A. 59 
A,  59 
4.41 
A. 4* 
A. 55 
A. 51 
2.67 
2.67 
0.96 
0 . 95 
0.46 
0.95 
0.88 
0.88 
0.57 
0.56 
0.56 
0.55 
0.55 
0.5A 
0-54 
0.54 
0.0GSI 
0-55 
0-55 
0.55 
0.67 
0-67 
0.66 
0.65 


DENSITY 
70.99 
70.84 
70 .84 
71 .54 
0.12 
71 .50 
6*  .<*8 
71.50 
6* .  99 
69.92 
b9 . 92 


TABLE  65.  -  FULL-EXPANDER  CYCLE  WITH  REGENERATION  —  O/F  =  6.0 

(CONTINUED) 


TURBOMACHINERY 

PERFORMANCE  DATA  • 

-  H2  BOOST  TURBINE  « 

■  M2  BOOST  PUMP 

a* 

a 

EFFICIENCY 

0.770 

EFFICIENCY 

0.765 

HORSEPOWER 

38. 

HORSEPOWER 

38. 

SPEED  (RPM) 

46052. 

SPEED  (RPM) 

46052. 

MEAN  D1A  ( IN) 

1.34 

S  SPEED 

3049. 

EFF  AREA  f IN2 ) 

2. 45 

HEAD  (FT) 

2683. 

U/C  (IDEAL) 

0.485 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

269. 

TIP  SPEED 

438. 

STAGES 

1  . 

VOL.  FLOW 

609. 

OCLTA  M  (ACT) 

4.79 

HEAD  COEF 

0.450 

GA(**A 

1.36 

FLOW  COEF 

0.202 

PRESS  RATIO  (T/T) 

1.01 

•  K2  TURBINE 

•  H2  PUMP  ■ 

STAGE  I 

STAGE  2 

stage  one  stage  two 

STAGE  TWEE 

EFFICIENCY 

0.839 

0.828 

EFFICIENCY  0.667 

0.668 

0.668 

HORSEPOWER 

2792. 

2792. 

HORSEPOWER  946. 

931. 

915. 

SPEED  (RPM)  124577. 

24577. 

SPEED  (RPM)  124S77. 

124577. 

124577. 

(CAN  DIA  (IN) 

2.86 

2.86 

S  SPEED  818. 

823. 

827. 

EFF  AREA  ( IN2 ) 

0.31 

0.40 

HEAD  (FT)  58219. 

57358. 

56415. 

U/C  (IDEAL) 

0.480 

0.476 

DIA.  (IN)  3.44 

3.44 

3.44 

MAX  TIP  SPEED 

1557. 

1557. 

TIP  SPEEO  1872. 

1873. 

1873. 

DELTA  M 

176. 

176. 

VOL.  FLOW  606. 

S99 . 

590. 

GAMMA  (ACT) 

1.36 

1.36 

HEAD  COEF  0.534 

0.526 

0.517 

PRESS  RATIO! T/T 

1.34 

1-37 

FLCN  COEF  0.098 

0.099 

0.099 

*  02  BOOST  TURBINE  ■ 

«  02  BOOST  PUMP 

a  a 

a 

EFFICIENCY 

0.861 

EFFICIENCY 

0.764 

HORSEPOWER 

20. 

HORSEPOWER 

20. 

SPEED  (RPM) 

12293. 

SPEED  (RPM) 

12293. 

(CAN  D! A  (IN) 

3.69 

S  SPEED 

3036. 

EFF  AREA  (IN2) 

3.60 

HEAD  (FT) 

240. 

U/C  (IDEAL) 

0.514 

DIA.  (IN) 

2.44 

MAX  TIP  SPEED 

198. 

TIP  SPEED 

131. 

STAGES 

1 . 

VOL.  FLOW 

227. 

DELTA  H  (ACT) 

2.58 

MEAD  COEF 

0.449 

GAMMA 

1.36 

FLOW  COEr 

0.2C1 

PRESS  RATIO  (T/T) 

1 .00 

•  02  TURBINE  •  «  02  PUMP  « 


EFFICIENCY 

0.850 

EFFICIENCY 

0.739 

HORSEPOWER 

483. 

HORSEPOWER 

483. 

SPEED  (RPM) 

76647. 

SPEED  (RPM) 

76647. 

(CAN  01 A  (  IN) 

2.86 

S  SPEED 

1803. 

EFF  AREA  ( IN2 ) 

0.43 

MEAD  (FT  J 

5490. 

U/C  (IDEAL) 

0.505 

DIA.  (IN) 

1.93 

MAX  TIP  SPEED 

958. 

TIP  SPEED 

64  7. 

stages 

1  . 

VOL .  FLOW 

225. 

DELTA  H  (ACT) 

60.92 

MEAD  COEF 

0.422 

GAfiA 

1.36 

FLOW  COEF 

0.154 

PRESS  RATIO  (T/T) 

1.10 

RFGf  Nf  RATOR  DATA 


COLO  SIDt  HOT  SIDE 

Of  LP  54.2*  55.  OS 

KLT  151.3?  -US. 25 

ARE  A  0.40  1.52 

flOM  5.9*  S.t,0 

EFFECTIVENESS  0.30 

NT  U  0.43 

CRATIO  0.9: 

CMJN  20.26 

OfGfN  0  3349.23 
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TABLE  66. 


FULL-EXPANDER  CYCLE  WITH  REGENERATION  -  O/F  =  6.5 


ENGINE  PERFORMANCE  PARAMETERS 


CHAMBER  pressure 

1764.0 

VAC  ENGINE  THRUST 

20336. 

DEL.  VAC.  ISP 

480.3 

TOTAL  ENGINE  FLOW  RATE 

42.3 

THROAT  AREA 

5.54  7 

NOZ?LE  AREA  RATI" 

1000.0 

ENGINE  mixture  ratio 

6.50 

CHAMBEP/N022LE  COOLANT 

OP 

884. 

CMAMBER/N022LE  COOLANT 

DT 

578. 

ETA  C" 

0. 9«3 

CHAMBER /N022LE  Q 

12145. 

ENGINE  STATION  CONDITIONS 


■  FUEL  SYSTEM  CONDITIONS  * 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  INLET 

18.6 

37.4 

5.65 

-107.5 

B.P.  EXIT 

95.5 

38.4 

5.65 

-  103.3 

PUMP  INLET 

95.5 

38.4 

5.65 

“103.3 

1ST  STAGE  EXIT 

1804.2 

62.9 

5.65 

4.5 

2ND  STAGE  EXIT 

3498 .9 

86.1 

5.65 

110.5 

PUMP  EXIT 

5184.6 

108.4 

5.65 

214.5 

COLD  REGEN  IN 

5135.3 

108.8 

565 

214.5 

COLD  REGEN  EX 

5085.7 

292.4 

5.65 

911.6 

COOLANT  INLET 

5085.7 

292.4 

5.65 

911.6 

COOLANT  EXIT 

4201.5 

870.3 

5.65 

3060.9 

TBV  INLET 

4153.7 

870.6 

0.71 

3060.9 

TBV  EXIT 

2021.1 

884.8 

0.71 

3060.9 

LOX  TRB  INLET 

4153.7 

870.6 

6.94 

3060.9 

LOX  TRB  EXIT 

3780.9 

854.6 

4.94 

2995.6 

H2  TRB  INLET 

3780.9 

854.6 

4.94 

2995.6 

H2  TRB  EXIT 

2136. 8 

762.9 

6.94 

2632.4 

H2  TRB  DIFF 

2108.2 

763.0 

4.94 

2632.4 

H2  BST  TRB  IN 

2089.0 

763.2 

4.94 

2632.4 

H2  BST  TRB  EXIT 

2071 . 1 

761.9 

4.94 

2627.6 

H2  BST  TRB  DIFF 

2058 . 6 

762.0 

4.94 

2*27.6 

02  BST  TRB  IN 

2039.9 

762.1 

4.94 

2627.6 

02  BST  TRB  EXIT 

2031 .5 

761.4 

4.94 

2624.9 

02  BST  TRB  DIFF 

2030.2 

761  .4 

4.94 

2624.9 

M2  TANK  PRESS 

18.6 

789.1 

0.0058 

2679.4 

GOX  HEAT  EXCH  IN 

2021.1 

776.9 

4.94 

2*79.6 

GOX  HEAT  EXCH  OUT 

2012.7 

776.4 

4  .<»4 

2677.7 

HOT  REGEN  IN 

2012.7 

776.4 

4.94 

2*77.7 

HOT  REGEN  EX 

1963. I 

553.1 

4 . 96 

1881 .1 

FSV  INLET 

1963.1 

553.1 

5-64 

1881 .1 

FSV  EXIT 

1914.4 

553.4 

5.64 

1881 .1 

CHAMBER  INJ 

1895.5 

553.4 

5.64 

1881 .1 

CHAMBER 

1764.1 

■  OXYGEN  SYSTEM 

CONDITIONS 

m 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  INLET 

16.0 

162.7 

36.75 

61 .9 

B.P.  EXIT 

117.1 

165.2 

3  e  .  75 

*2.3 

PUMP  INLET 

117.1 

165.2 

3*.  75 

*2.3 

PUMP  EXIT 

2607.6 

177.3 

3*  .  75 

71.1 

02  TANK  PRESS 

16.0 

400 . 0 

0.06 

206.7 

POSV  INLET 

2577.0 

1  77.6 

4.65 

71  .  1 

POSV  EXIT 

1928.2 

179.9 

6.65 

71  .  1 

OCV  INLET 

2577.0 

177.4 

32.04 

71.1 

OCV  EXIT 

2006 . 1 

179.6 

32.04 

71.1 

PRIMARY  INJ 

1898.3 

180.0 

6.65 

71.1 

SECONDARY  INJ 

1961.9 

179.8 

32.04 

71  .1 

CHAMBER 

1764.0 

valve  Data 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

TBV 

2133  . 

0.036 

0.71 

12. SO 

FSV 

4  9  . 

1  -502 

5  .  o4 

POSV 

*4  9  . 

0.032 

6  .  eS 

OCV 

571 

0.238 

32.04 

1  N 

:tLTiiR  DATA 

•  run 

. 

•  OX  ID 

. 

PR  { MAP  V 

s*  :>.c 

DEEP  MAN  1 « . 65 

16 .42 

21 

Dr  I  P  INJ  111.83 

i : 

4  2  3  1  «  7  .  tf  8 

AREA  1.03 

0.0/ 

0  4| 

FLOW  S  .  *  6 

4 

32  C6 
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DENSITY 
4.  J7 

4.39 

4.39 
4  .  A  1 
4.46 
4.52 
4.50 

2.40 

2.40 
0-81 
0.80 
0.41 
0  .80 
0.75 
0.75 
0.69 
0.49 
0.48 
0.48 
0.48 
0.47 
0.47 
0.47 

0.0065 

0.46 

0.46 

0.46 

0.62 

0.62 

0.60 

0.60 


DENSITY 
70 . 99 
70.83 
70-83 
71.28 
0. 12 
71  .23 

70.22 

71.23 
70 . 34 
70.17 
70.27 


TABLE  66.  - 


FULL-EXPANDER  CYCLE  WITH  REGENERATION 
(CONTINUED) 


O/F  =  6.5 


•  T  URBQMACH I HERY  PERFORMANCE  DATA  ■ 


■  H2  BOOST  TURBINE  ■ 


EFFICIENCY 
HORSEPOWER 
SPEED  (RPM) 

*  AN  OI A  (IN) 
EFF  AREA  UN2) 
U/C  (IDEAL) 

MAX  TIP  SPEED 
STAGES 

DELTA  H  (ACT) 

gawa 

PRESS  RATIO  (T/T) 


•  K2  BOOST  P\**>  • 


0.750 

EFFICIENCY 

0.765 

34. 

HORSEPOWER 

34  . 

44288 . 

SPEED  (RPM) 

44288 . 

1.34 

S  SPEED 

2987  . 

2.45 

►CAD  (FT) 

252  7. 

0.485 

DIA.  UN) 

2.18 

259. 

TIP  SPEED 

421. 

1 . 

VOL.  FLOW 

578. 

4.85 

►CAD  COEF 

0.459 

1.38 

FLOW  COEF 

0.199 

•  K2  PUK>  • 


STAGE  1  STAGE  2 


STAGE  0»C  STAGE  TWO  STAGE  THREE 


EFFICIENCY 
HORSEPOWER 
SPEED  (RPM) 
MEAN  DIA  (IN) 
EFF  AREA  (IN2) 
U/C  (IDEAL) 
MAX  TIP  SPEED 
DELTA  H 

GAMMA  (ACT) 
PRESS  RATIO(T/T 


0.813 

0.810 

EFFICIEJCY 

0.666 

0.667 

0.668 

2541. 

2541. 

MCRSEPOCR 

862. 

847. 

832. 

121121. 

121121. 

SPEED  CRPH) 

121121. 

121121. 

121121 . 

2.86 

2.86 

S  SPEED 

799. 

804. 

809. 

0.31 

0.40 

►CAD  (FT) 

55857. 

55010. 

54067 . 

0.448 

0.455 

DIA.  (IN) 

3.44 

3.44 

3.44 

1513. 

1513. 

TIP  SPEED 

1821. 

1821  . 

1821  . 

185. 

179. 

VOL.  FLOW 

575. 

569. 

561  . 

1.38 

1-38 

►CAD  COEF 

0.542 

0.534 

0.525 

1.34 

1.37 

FLOW  COEF 

0.096 

0.096 

0.097 

•  02  BOOST  TURBINE  • 

EFFICIENCY  0.942 

HORSEPOWER  18. 

SPEED  (RPM)  1  1907. 

MEAN  DIA  (IN)  3.69 

EFF  AREA  (1N2)  3.60 

U/C  (IDEAL)  0.514 

MAX  TIP  SPEED  1 92. 

STAGES  1  . 

delta  H  (ACT  J  2.61 

GAMMA  I . 38 

PRESS  RATIO  (T/T)  1.00 


•  02  BOOST  PUMP  * 


EFFICIENCY 
KJRSEPOCR 
SPEED  (RPM) 
S  SPEED 
►CAD  (FT) 

DIA.  UN) 

TIP  SPEED 
VOL.  FLOW 
►CAD  COEF 
FLOW  COEF 


•  02  TURBINE  • 

EFFICIENCY 
HORSEPOWER 
SPEED  (RPM) 

MEAN  DIA  (  IN  ) 

EFF  AREA  (IN2) 

U/C  (IDEAL) 

MAX  TIP  SPEED 
STAGES 

DELTA  H  (ACT) 
GA»*4A 

PRESS  RATIO  (T/T) 


EFFICIENCY 

0.735 

KJRSE POWER 

457. 

SPEED  (RPM) 

74858. 

S  SPEED 

1907. 

►CAD  (FT ) 

5030. 

DIA-  UN) 

1.93 

TIP  SPEED 

632  . 

VOL.  FLOW 

231  . 

►CAD  COEF 

0.405 

FLOW  COEF 

0.162 

REGENERATOR  DAT  a 


COLD  SIDE 
A9  .  62 
183.57 
0.40 
5.65 


HOT  SIDE 
A«.o7 
- . 79 


EFFECT  IVFNf S 
N-U 

CRATIO 
ENIN 
Rfr.EN  o 
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TABLE  67 


FULL-EXPANDER  CYCLE  WITH  REGENERATION  —  O/F  -  7.0 


ENG  I  ML  PERFORMANCE  PARAMETERS 


CHAMBER  PRESSURE 

1763.9 

VAC  ! 

ENGINE  THRUST 

20672. 

DEL. 

VAC .  I SP 

477.5 

TOTAL  ENGINE  FLOW  RATE 

43.3 

THROAT  AREA 

5.54  7 

NOZZLE  AREA  RATIO 

1000.0 

ENG  INC  MIXTURE 

RATIO 

7.00 

CHAMBER/NOZZLE 

COOLANT 

DP 

890. 

CHAMBER /NOZZLE 

COOLANT 

DT 

650. 

ETA  c« 

0.968 

CHAMBER /NOZZLE 

0 

12914. 

eng  i  K 

STATION 

CONDITIONS 

■  FUEL  SYSTEM  CONDITIONS  ■ 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENS I TY 

B.P.  IH_ET 

18.6 

37.4 

5.42 

-107.5 

4.37 

B.P.  EXIT 

91.8 

38.4 

5.42 

-103.5 

4.39 

pure*  I*_ET 

91  .8 

38.4 

5.42 

-103.5 

4.39 

1ST  STAGE  EXIT 

17X8.8 

62.2 

5.42 

1  .2 

4.41 

2ND  STAGE  EXIT 

3390.2 

84.8 

5.42 

104.1 

4.45 

PIM>  EXIT 

5020 . 7 

106.5 

5.42 

205.1 

4.51 

COLD  REGEN  IN 

4975. 3 

106.9 

5.42 

205.1 

4.49 

COLD  REGEN  EX 

4929.1 

316. 9 

5.42 

1013.2 

2.20 

COOLANT  INLET 

4929 . 1 

316.9 

5.42 

101 3.2 

2.20 

COOLANT  EXIT 

4038.9 

967.2 

5.42 

3397.2 

0.71 

TBV  INLET 

3988.8 

967.5 

0.95 

3397.2 

0.70 

TBV  EXIT 

2015.4 

981.1 

0.95 

3397.2 

0.37 

LOX  TRB  INLET 

3988.8 

967.5 

4.47 

3397.2 

0.70 

LOX  TRB  EXIT 

3637.6 

950.2 

4.47 

3328.2 

0.66 

M2  TRB  INLET 

3637.6 

950.2 

4  .47 

3328.2 

0.66 

H2  TRB  EXIT 

2121.5 

853.8 

4.47 

2954.2 

0.44 

M2  TRB  D1FF 

2095.2 

853.9 

4.47 

2* 54.2 

0.44 

H 2  BST  TRB  IN 

2077.7 

854.0 

4.47 

2954.2 

0.43 

H2  BST  TRB  EXIT 

2061.2 

852.8 

4.47 

2949.3 

0.43 

N2  BST  TRB  DIFF 

2049.7 

852.8 

4.47 

2949.3 

0.43 

02  BST  TRB  IN 

2032.7 

852.9 

4.47 

2949.3 

0.42 

02  BST  TRB  EXIT 

2025. 0 

852.3 

4.47 

2946.6 

0.42 

02  BST  TRB  DIFF 

2023.8 

852.3 

4.47 

2946.6 

0.42 

K2  TANK  PRESS 

18.6 

887.8 

0.0049 

3025.5 

0.0039 

GOX  HEAT  EXCM  IN 

2015.4 

874.7 

4  .47 

302S.5 

0.41 

GOX  HEAT  EXCH  OUT 

2007.8 

874.2 

4.47 

3023.6 

0.41 

MOT  REGEN  IN 

2007.8 

8  74.2 

4.47 

3023.6 

0.41 

MOT  REGEN  EX 

1962.1 

597.9 

4.47 

2043.9 

0.57 

FSV  INLET 

1962. 1 

597.9 

5.41 

2043.9 

0.57 

FSV  EXIT 

1913.6 

598.2 

5.41 

2043.9 

0.56 

CHAMBER  INJ 

1894.9 

598. 3 

5.41 

2043.9 

0.56 

CHAMBER 

1764.2 

*  OXYGEN  SYSTEM 

CONDITIONS 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P.  IM-ET 

16.0 

162.7 

37.95 

61.9 

70.99 

B.P.  EXIT 

101 .6 

165.2 

3  7.95 

62.2 

70 .82 

PUMP  IK.ET 

101 .6 

165.2 

37.95 

62.2 

70.82 

PUMP  EXIT 

2379  .8 

1  76.4 

37.95 

70.4 

71.20 

02  TANK  PRESS 

16.0 

400.0 

0.06 

204.7 

0.12 

POSV  INLET 

2347.2 

176.5 

3.94 

70.4 

71  .  15 

POSV  EXIT 

1880.9 

178.3 

3.94 

70.4 

70.42 

OCV  IM.ET 

2347.2 

1  76.5 

3  3.94 

70.4 

71  .  15 

OCV  EXIT 

2034.5 

177.7 

3  3.94 

70.4 

70.66 

PRIMARY  INJ 

1859.4 

178.4 

3.94 

70.4 

70 . 39 

SECONDARY  INJ 

1985.1 

177.9 

33.94 

70.4 

70.58 

CHAMBER 

1763. A 

VALVE  DATA 

VALVE 

DELTA  P 

AREA 

FLOW 

X  BYPASS 

TBV 

1973. 

0.053 

0.95 

17.51 

FSV 

48  . 

1 .502 

5.41 

POSV 

4  6b. 

0.032 

3 . 94 

OCV 

313. 

0.340 

3  3.94 

IN  ifC 

'OR  DATA 

*  FUEL 

. 

•  OX  1 D  • 

pt- ;  - 

ARY 

SECOND 

DELP  MAN  19. as 

: ; 

•>8 

24.5b 

DELP  INJ  111.54 

<*•> 

38  ; 

721.10 

AREA  1.0$ 

c 

37 

0.4  1 

FLOW  5.41 

*4 

31.94 
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TABLE  67.  -  FULL-EXPANDER  CYCLE  WITH  REGENERATION  —  O/F  =  7.0 

(CONTINUED) 


•  TURBOMACHINERY  PERFORMANCE  DATA  ■ 

■  M2  BOOST 

TURBIN  ■ 

■  H2  BOOST  PUMP 

•  ■ 

■ 

EFFICIENCY 

0.736 

EFFICIENCY 

0.765 

HORSEPOWER 

31  . 

HORSEPOWER 

31  . 

SPEED  (RPM) 

62920 . 

SPEED  (RPM) 

62920. 

MEAN  DI A  (IN) 

1.36 

S  SPEED 

2960. 

EFF  AREA  CIN2J 

2.65 

HEAD  (FT) 

2606. 

U/C  (IDEAL) 

0.685 

Dl A.  (IN) 

2.18 

MAX  TIP  SPEED 

251 . 

TIP  SPEED 

608. 

STAGES 

1  . 

VOL.  FLOW 

556. 

DELTA  H  (ACT) 

6.90 

HEAD  COEF 

0.66S 

GA*1A 

1.60 

FLOW  COEF 

0.197 

PRESS  RATIO  (T/T)  I .01 

■  M2  TURBINE  • 

■  M2  PUMP  ■ 

STAGE  1 

STAGE  2 

STAGE  ONE  STAGE  TWO 

STAGE  THREE 

EFFICIENCY 

0.792 

0.795 

EFFICIENCY  0.66S 

0.666 

0.667 

HORSEPOWER 

2365- 

2365. 

HORSEPOWER  802. 

789. 

7  76  . 

SPEED  (RPM) 

1 18602. 

2  18602. 

SPEED  (RPM)  118602. 

118602. 

118602. 

MEAN  DU  (IN) 

2.86 

2.86 

S  SPEED  786 . 

790. 

795. 

EFF  AREA  (IN2) 

0.31 

0.60 

HEAD  (FT)  56197. 

53368. 

52610. 

U/C  (IDEAL) 

0.625 

0.638 

DIA.  (IN)  3.66 

3.66 

3.66 

MAX  TIP  SPEED 

)682. 

1682. 

TIP  SPEED  1783. 

1783. 

1783. 

DELTA  M 

192. 

182. 

VOL.  FLOW  552. 

567. 

539. 

GAMMA  (ACT) 

1.60 

1.60 

HEAD  COEF  0-569 

0.560 

0.530 

PRESS  RAT  10 (T/T 

1.36 

1.37 

FLOW  COEF  0.096 

0.095 

0.095 

•  02  BOOST 

TURBIN  ■ 

■  02  BOOST  PUMP 

«« 

■ 

■  ■ 

EFFICIENCY 

0.826 

EFFICIENCY 

0.721 

HORSEPOWER 

17. 

HORSEPOWER 

17. 

SPEED  (RPM) 

11576. 

SPEEO  (RPM) 

115  76. 

MEAN  DIA  (IN) 

3.69 

S  SPEED 

3763. 

EFF  AREA  ( IN2 ) 

3.60 

HEAD  (FT) 

176. 

U/C  (IDEAL) 

0.516 

DIA.  (IN) 

2.66 

MAX  TIP  SPEED 

186. 

TTP  SPEED 

123. 

STAGES 

1  . 

VOL.  FLOW 

261  . 

DELTA  H  (ACT) 

2.66 

HEAD  COEF 

0.368 

GAMMA 

1.60 

FLOW  COEF 

0.226 

PRESS  RATIO  (T/T) 

1.00 

■  02  TUR81NC  ■ 

"  02  PUMP  ■ 

EFFICIENCY 

0.796 

EFFICIENCY 

0.729 

HORSEPOWER 

636. 

HORSEPOWER 

636. 

SPEED  (RPM) 

73352. 

SPEED  (RPM) 

73352. 

MEAN  DIA  UN) 

2.86 

S  SPEED 

2029. 

EFF  AREA  (IN2) 

0.63 

HEAD  (FT) 

6607. 

U/C  (IDEAL) 

0.660 

DIA.  (INI 

1.93 

MAX  TIP  SPEEO 

917. 

TIP  SPEED 

619. 

STAGES 

1  . 

VOL.  FLOW 

239. 

DELTA  M  (ACT) 

68.96 

HEAD  COEF 

0.387 

GAMMA 

1  .60 

FLOW  COEF 

0.171 

PRESS  RATIO  (T/T) 

l  .  10 

REGENERATOR  DATA 


COLO  SIDE 

HOT  SIDE 

DELP 

66.20 

65.o8 

DELT 

210.01 

-276.25 

AREA 

0.60 

1  .52 

FLOW 

S.C2 

6.6  7 

EFFECTIVENESS  O.S 6 

NTU  0 5S 

CRATIO  0-76 

CHIN  1  5  ■  85 

REGEN  0  6377.96 
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TABLE  68. 


FULL-EXPANDER  CYCLE  WITH  REGENERATION  -  O/F  -  12.0 


ENGINE  PERFORMANCE  PAR  ALTERS 


CHAMBER  PRESSURE 

1160.0 

VAC  ENGINE  THRUST 

13474. 

DEL.  VAC.  ISP 

396.3 

TOTAL  ENGINE  FLOW  RATE 

3A.0 

THROAT  AREA 

5.547 

NOZZLE  AREA  RATIO 

1000. 0 

ENGINE  MIXTURE  RATIO 

12.00 

CHAMBER /NOZZLE  COOLANT 

DP 

A17. 

CHAMBER /NOZZLE  COOLANT 

DT 

793. 

ETA  C« 

0.900 

CHAMBER /NOZZLE  Q 

7296. 

ENGINE  STATION  aMITlOKS 


■  FUEL  SYSTEM  COM) I T I  OKS  • 


STATION 

PRESS 

TEM> 

flow 

ENTHALPY 

B.P.  INLET 

18.6 

37. A 

2.62 

-107.5 

8.P.  EXIT 

61. 5 

38.1 

2.62 

-109.7 

PUMP  INLET 

61. 5 

38. 1 

2-62 

-109.7 

1ST  STAGE  EXIT 

1352. A 

61.9 

2.62 

-9.1 

2ND  STAGE  EXIT 

2599.2 

8A.1 

2.62 

83.6 

PUMP  EXIT 

3813.5 

105. A 

2.62 

173.9 

COLD  REGEN  IN 

3802.0 

105.5 

2.62 

173.9 

COLD  REGEN  EX 

3788.2 

6A2.8 

2.62 

22A3.A 

COOLANT  INLET 

3788.2 

6A2.8 

2.62 

22A3.A 

COOLANT  EXIT 

3371  .4 

IA36.2 

2.62 

5031.2 

TBV  INLET 

3351. A 

1A36.A 

0.01 

5031.2 

TBV  EXIT 

2350.0 

1AA3.9 

0.01 

5031  .2 

LOX  TRB  IM_ET 

3351 -A 

1A36.A 

2.60 

5031.2 

LOX  TRB  EXIT 

31A6.7 

1A20.6 

2.60 

9969.8 

M2  TRB  INLET 

31A6.7 

1A20.6 

2.60 

<969.8 

H2  TRB  EXIT 

2399.2 

13A7.0 

2.60 

<489.7 

H2  TRB  DIFF 

2386.8 

13A7.1 

2.60 

<689.7 

M2  BST  TRB  IN 

2378.7 

ISA 7. 2 

2.60 

<689.7 

M2  BST  TRB  EXIT 

2371.0 

1SA6.A 

2.60 

<686.9 

n2  BST  TRB  OIFF 

2365.7 

13A6.5 

2.60 

9686.9 

02  BST  TRB  IN 

2357.9 

13A6.5 

2.60 

9686.9 

02  BST  TRB  EXIT 

235A.3 

13A6.1 

2.60 

9685.3 

02  BST  TRB  DIFF 

2353.8 

13A6.I 

2.60 

9685.3 

H2  TANK  PRESS 

18.6 

136A.6 

•  -  00 15 

9687.1 

GOX  HEAT  EXCH  IN 

2350.0 

13A6.6 

2.60 

9687.1 

GOX  HEAT  EXCH  OUT 

23A6.6 

13A5.8 

2.60 

9689.3 

K3T  REGEN  IN 

23A6.6 

13A5.8 

2.60 

9689.3 

HOT  REGEN  EX 

2326.5 

753.7 

2.60 

2609.1 

FSV  INLET 

2326.5 

753.7 

2.62 

2609.1 

FSV  EXIT 

1227. I 

760. A 

2.62 

2609 . 1 

CHAMBER  INJ 

1218.7 

760. A 

2.62 

240A .  1 

CHAMBER 

1160.0 

*  OXYGEN  SYSTEM  CONDITIONS 

• 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P.  INLET 

16.0 

162.7 

31.99 

61.9 

B.P.  EXIT 

52.1 

I6A.9 

31  .AA 

62.1 

PUMP  INLET 

52.1 

16A.9 

31  .  9A 

62.1 

PUMP  EXIT 

1A60. 1 

172.1 

31. AA 

67.1 

02  TANK  PRESS 

16.0 

AOO.O 

0.05 

209.7 

POSV  rNLET 

IA  37.7 

172.2 

2.72 

67.1 

POSV  EXIT 

1215.5 

173.0 

2-72 

67.1 

OCV  INLET 

1A37.7 

172.2 

28.67 

67.1 

OCV  EXIT 

1352. A 

172.5 

28.67 

67.1 

PRIMARY  INJ 

1205.  A 

173.0 

2-72 

67.1 

SECONDARY  INJ 

1317.2 

172.6 

28 .67 

67.1 

CHAMBER 

1159.8 

VALVE  DATA 


VALVE 

DELTA  P  AREA 

flow 

1  BYPASS 

TBV 

1001.  0.001 

0.01 

0.51 

FSV 

10*9.  0.100 

2.62 

V 

o 

o 

< 

222.  0.032 

2.72 

OCV 

85.  0.184  28.67 

injector  data 

■FUEL"  •  OX  ID  ■ 

PRIhaRV  SECOND 

DEL  P  MAN 

8.71  5.0b 

17.47 

DEI  P  INJ 

50.05  45  52 

157.23 

AREA 

l . 03  007 

0-41 

FLOW 

2.62  2  i: 

28.6  7 

DENSITY 
A. 57 
A. 37 
A. 37 
A. 23 
A. 17 
A.  it 
A.  16 
0.98 
0.98 
0 .  A  1 
0 .  A  1 
0.29 
0  -  A  1 
0.39 
0.39 
0.32 
0.32 
0.32 
0.32 
0.32 
0.31 
0.31 
0.31 
0.0026 
0-31 
0.31 
0.31 
0-54 
0.54 
0.29 
0.29 


DENSITY 
70.99 

70.81 

70.81 
71.09 
0.12 
71 .00 
70.69 
71.00 
70.86 
70.62 

70.81 
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TABLE  68.  —  FULL-EXPANDER  CYCLE  WITH  REGENERATION  -  O/F  =  12.0 

(CONTINUED) 


•  TURBOMACHINERY  PERFORMANCE  DATA  « 


•  H2  BOOST  TURBINE  ■ 

«  H2  BOOST  PIR*> 

m  m 

« 

EFFICIENCY 

Q  .659 

EFFICIENCY 

0.6A7 

HORSEPOWER 

10. 

HORSEPOWER 

10. 

SPEED  (RPM) 

28390. 

SPEED  (RPM) 

28390. 

MEAN  DIA  (IN) 

1  .SA 

S  SPEED 

2020. 

EFF  AREA  ( IN2 ) 

2. AS 

HEAD  (FT) 

IA 12. 

U/C  ( I  DEAL ) 

0.A8S 

DIA.  (IN) 

2.18 

MAX  TIP  SPEED 

166  . 

TIP  SPEED 

270. 

STAGES 

1  . 

VOL.  FLOW 

269. 

DELTA  H  (ACT) 

2.82 

HEAD  COEF 

0.623 

GAMMA 

1  .36 

FLOW  COEF 

0. 1AA 

PRESS  RATIO  (T/T ) 

1.01 

•  K2  TURBINE 

■ 

• 

•  M2  PUP#>  » 

STAGE  1 

STAGE  2 

STAGE  OWE  STAGE  TWO 

STAGE  THREE 

EFFICIENCY 

0.7A0 

0.789 

EFFICIENCY  0.585 

0.593 

0.597 

HORSEPOWER 

1032. 

1032. 

HORSEPOWER  35A. 

3A3 . 

33A. 

SPEED  (RPM) 

98658. 

98658. 

SPEED  (RPM)  98658. 

98658. 

98658. 

MEAN  DIA  (IN) 

2.86 

2  .86 

S  SPEED  5A5. 

557. 

565. 

EFF  AREA  C IN2 ) 

0.31 

0  .  A  0 

HEAD  (FT)  A353S . 

A2777. 

A1976. 

U/C  (IDEAL) 

0.380 

0.A38 

DIA.  (IN)  3.AA 

3.AA 

3.AA 

MAX  TIP  SPEED 

1233. 

1233. 

TIP  SPEED  1 A83 . 

1 A83 . 

1 A83 . 

DELTA  H 

155. 

125 . 

VOL.  FLOW  278. 

282 . 

282. 

GAMMA  (ACT) 

J  .36 

1.36 

HEAD  COEF  0.637 

0.626 

0 . 61 A 

PRESS  RATIO(T/T 

1  .SA 

1.37 

FLOW  COEF  0.057 

0.059 

0.060 

•  02  BOOST  TURBINE  • 

■  02  BOOST  PUH> 

■ 

EFFICIENCY 

0.798 

EFFICIENCY 

0.715 

HORSEPOWER 

6. 

HORSEPOWER 

6. 

SPEED  (RPM) 

8579. 

SPEED  (RPM) 

8579. 

MEAN  DIA  (IN) 

3.69 

S  SPEED 

A819. 

EFF  AREA  (IN2) 

3.60 

HEAD  (FT) 

7A . 

U/C  (IDEAL) 

0 . 5  l  A 

DIA.  (IN) 

2.AA 

MAX  TIP  SPEED 

138. 

TIP  SPEED 

91  . 

STAGES 

1  . 

VOL.  FLOW 

199. 

DELTA  H  (ACT) 

1.60 

HEAD  COEF 

0.283 

GAMMA 

1 .36 

FLOW  COEF 

0.253 

PRESS  RATIO  (T/T) 

l  .00 

■  02  TURBINE 

• 

"  02  PUMP  • 

EFFICIENCY 

0.69A 

EFFICIENCY 

0.721 

HORSEPOWER 

226. 

HORSEPOWER 

226. 

SPEED  (RPM) 

58806. 

SPEED  (RPM) 

58806. 

MEAN  DIA  ( IN) 

2.86 

S  SPEED 

2123. 

EFF  AREA  (IN2) 

0  .  A  3 

HEAD  (FT) 

28SA . 

U/C  (IDEAL) 

0.3A9 

DIA.  (IN) 

1.93 

MAX  TIP  SPEED 

7  35. 

TIP  SPEED 

A96 . 

STAGES 

1  . 

VOL.  FLOW 

199. 

DELTA  H  (ACT) 

61.39 

HEAD  COEF 

0.373 

GAMMA 

1.36 

FLOW  COEF 

0.177 

PRESS  RATIO  (T/T) 

1.07 

REGENERATOR  DATA 


COLD  SIDE  HOT  SIDE 

DELP  13.85  20.11 

DEL  T  537.32  -5<*2.10 

AREA  0.40  1.52. 

FLOW  2 . o  2  2.60 

EFFECT 1VE NESS  0.A8 

NTl)  0.«»6 

CRATIO  0.91 

CM  IN  A.  15 

REGfN  Q  SAIS-SA 
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